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M echanized man, h av in g  r e b u i l t  th e  la n d sca p e , i s  now reb u ild in g  
the w a te r s . The so b er  c i t i z e n  who would n ev er  subm it h i s  w atch  
or h i s  m otor to  am ateur tam perings f r e e ly  su b m its  h i s  la k e s  to  
d r a in in g s , f i l l i n g s ,  d red g in g s , p o l lu t io n s ,  s t a b i l i z a t i o n s ,  mos­
q u ito  c o n t r o l ,  a lg a e  c o n t r o l ,  swimmer's i t c h  c o n t r o l ,  and th e  
p la n t in g  o f  any f i s h  a b le  to  swim. So a l s o  w ith  r i v e r s .  We con­
s t r i c t  them w ith  le v e e s  and dams, and  t h e n  f l u s h  th e m  w i t h  
d red g in g s , c h a n n e liz a t io n s  and f lo o d s  and s i l t  o f  bad farm in g .
The w i l l in g n e s s  o f  th e  p u b lic  to  accep t and pay fo r  th e s e  c o n tr a ­
d ic to r y  tam perings w ith  th e  n a tu r a l order a r i s e s ,  I th in k ,  from  
a t  l e a s t  th r e e  f a l l a c i e s  in  th o u g h t. F ir s t  each  o f th e s e  tem per­
in g s  i s  regarded  a s  a sep a ra te  p r o je c t  b eca u se  i t  i s  c a r r ie d  out 
by a se p a r a te  bureau or  p r o fe s s io n ,  and as e x p e r t ly  ex e c u te d  
b ecau se  i t s  prop on en ts are  tr a in e d , each in  h i s  own narrow f i e l d .
The p u b lic  does n o t know th a t  bureaus and p r o f e s s io n s  may c a n c e l  
one a n o th e r , and th a t  e x p e r tn e ss  may c a n c e l u n d e r sta n d in g . Second, 
any c o n s tr u c te d  mechanism i s  assumed to  be s u p e r io r  to  a  n a tu r a l  
one. S t e e l  and c o n c r e te  have wrought much good , th e r e fo r e  an yth in g  
b u i l t  w ith  them must be good. T h ird , we p e r c e iv e  o r g a n ic  b eh av ior  
on ly  in  th o se  organ ism s which we have b u i l t .  We know th a t  en g in es  
and governm ents a re  organ ism s; th a t  tam pering w ith  a  p a rt may a f f e c t  
th e  w h o le . We do not y e t  know th a t  t h i s  i s  tr u e  o f s o i l s  and w ater .
Thus men to o  w is e  to  t o le r a t e  h a s ty  t in k e r in g  w ith  our p o l i t i c a l  
c o n s t i t u t io n  a c c e p t  w ith o u t a qualm th e  most r a d ic a l  amendment to  
our b i o t i c  c o n s t i t u t io n .
A ld o Leopold
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A COARSE SORT SYSTEM FOR 
PRELIMINARY WATER RESOURCES MANAGEMENT ALTERNATIVES
CHAPTER ONE 
INTRODUCTION
Water r e so u r c e s  p la n n in g  assumed new d im en sion s in  the l a s t  d ecad e . I t  
used  to  be p o s s ib le  to  p la n  a p r o je c t  w ith  j u s t  a r e l a t i v e l y  s tr a ig h tfo r w a r d ,  
q u a n t ita t iv e  b e n e f i t - c o s t  a n a ly s i s .  Now, in  a d d it io n  to  th e  t r a d i t io n a l  
q u a n t ita t iv e  a n a l y s i s ,  i t  i s  n e c e s sa r y  to  e v a lu a te  an enormous amount of 
com plex in fo rm a tio n  m ost o f  w hich i s  q u a l i t a t i v e .  There a re  a ls o  req u irem en ts  
th a t  a l t e r n a t iv e  p la n s  be d e v e lo p e d , r a th e r  than on ly  one p la n , and th a t p u b lic  
in p u t be s o l i c i t e d  throughout th e  p r o c e s s  o f  p lan  developm ent and s e l e c t i o n .  
T hese changes in th e  approach to  p la n  fo rm u la tio n  req u ire  m odels w hich can 
d e a l w ith  b o th  q u a n t i t a t iv e  and n o n -q u a n t ita t iv e  in fo rm a tio n . At th e  same 
t im e , th e  m odels must be ca p a b le  o f a s s im i la t in g  a p le th o r a  o f d a ta  in to  a 
f a i r l y  sim p le  form at in  order to  f a c i l i t a t e  th e  d ec ision -m ak in g  p r o c e s s .
The purpose o f  t h i s  stu d y  was to  d ev e lo p  a non-m athem atical m odel th a t  
co u ld  cope w ith  th e  p r e lim in a r y  a s p e c t s  o f  th e  p lan  fo rm u la tio n  procedure  
m entioned ab ove. T h is  in c lu d e s  a s s im i la t in g  a l l  of th e  d a ta  r e le v a n t  to  a 
p r o j e c t ,  e v a lu a tin g  i t ,  d e v e lo p in g  p r o je c t  a l t e r n a t iv e s ,  ranking th e  a l t e r n a t iv e s  
and e lim in a t in g  i n f e a s i b l e  a l t e r n a t iv e s  so  th a t  th e  m ost f e a s i b l e  p la n s  can 
be s tu d ie d  f u r th e r .  The p r o c e s s  o f e l im in a t in g  a l t e r n a t iv e s  a t t h i s  l e v e l  
a c t u a l ly  in v o lv e s  c o a r s e ly  s o r t in g  th rou gh  th e  proposed p la n s ,  so i t  i s  c a l l e d  
a C oarse S ort System .
The method c r e a te d  fo r  th e  C oarse S o r t procedure has n o t been p r e v io u s ly
u t i l i z e d  in  w ater r e so u r c e s  p la n n in g . I t  i s  a model ca p a b le  o f  h a n d lin g  any 
amount of q u a n t ita t iv e  and d e s c r ip t iv e  d a ta . With th e  u s e  o f  a d e v ic e  c a l le d  
a s o r t  c h a r t , th e  ranked p la n s can be d isp la y e d  in  a s im p le  manner in d ic a t in g  
how w e ll  each  a l t e r n a t iv e  f u l f i l l s  th e  s ta te d  g o a ls  o f  a  p r o j e c t .  I t  i s  then  
ea sy  fo r  th e  w ater r e so u r c e  p la n n ers to  go through th e  c o a r s e  s o r t  procedure  
u sin g  th e se  c h a r ts .  S ep a ra te  s o r t  ch a r ts  are used fo r  q u a n t i t a t iv e  and 
q u a l i t a t iv e  in fo r m a tio n . They p rov id e a c l e a r ,  v i s u a l  p ic t u r e  o f  th e  co a rse  
s o r t  p ro cess  a s  i t  i s  perform ed . The s o r t  ch a r ts  d ev e lo p ed  fo r  t h i s  p r o je c t  
were d esign ed  fo r  the p re lim in a ry  co a rse  s o r t  procedure b u t they  can be 
adapted to  th e  f in a l  p la n  s e l e c t i o n  p r o c e s s . A r e s e r v o ir  p r o je c t  i s  used  
to  i l l u s t r a t e  th e  C oarse S o rt p r o c e s s .
The b a s i s  fo r  th e  change from q u a n t ita t iv e  d ec is io n -m a k in g  to  a com bination  
o f  q u a n t ita t iv e  and q u a l i t a t iv e  procedures was the in c lu s io n  o f  en viron m en tal 
and s o c ia l  f a c to r s  in  th e  p la n n in g  p r o c e s s . Both o f  th e s e  e n t i t i e s  req u ire  
d e s c r ip t iv e  r a th e r  th an  m ath em atica l d e f i n i t i o n s .  The f a c t  th a t th ey  r e c e iv e  
eq u al c o n s id e r a tio n  w ith  th e  t r a d i t io n a l  b e n e f i t - c o s t  a n a ly s i s  in  th e  d ev e lo p ­
ment o f a p la n  has le d  to  th e  in crea sed  com p lex ity  o f  p la n  fo rm u la tio n  and 
s e l e c t io n .
The in c r e a s in g  c o m p lex ity  o f  p lan  developm ent has r e s u l t e d  in  a concom i­
ta n t  in c r e a se  in  the manpower, tim e and money i t  ta k es  t o  d ev e lo p  a number of  
a lt e r n a t iv e  p la n s . In term s o f manpower, a team of p la n n e r s ,  n o t j u s t  one 
p la n n er , i s  r eq u ired . The team members need to  be e x p e r ts  in  many f i e l d s  w ith  
e i t h e r  t e c h n ic a l ,  econom ic, s o c ia l  or environm ental o r i e n t a t io n s .  The 
in c r e a se  in  p lan  developm ent tim e stem s from th e  n e c e s s i t y  t o  a c q u ir e  more 
v a r ie d  d ata  than was req u ired  fo r  a b e n e f i t - c o s t  a n a ly s i s  and from th e  need  
t o  ob ta in  th e  p u b l ic ' s  t h o u g h t s  on t h e  p r o j e c t  d u r i n g  th e  e n t ir e  p lan n in g
p r o c e s s .  The in c r e a se  in  th e  c o s t  o f  d ev e lo p in g  a l t e r n a t iv e s  i s  due p a r tly  
to  the manpower and tim e req u irem en ts , and p a r t ly  to  th e  u se  o f  s o p h is t ic a te d  
eq u ip m en t, such as com puters, to  h e lp  a n a ly ze  th e  d a ta .
An O verview  o f  P resen t Water R esources P lan n in g  Requirem ents
The changes th a t  have occurred  in  w ater r e so u r c e s  p lan n in g  in  th e  l a s t  
te n  y e a r s  grew out o f  the b a t t l e s  fou gh t by e n v ir o n m e n ta lis t s  and c o n se r v a tio n ­
i s t s  in  th e  1 9 6 0 's  a g a in s t  p la n n ers o f  a l l  ty p es  who had never s e r io u s ly  con­
s id e r e d  th e  e f f e c t s  t h e ir  p la n s  had on th e  environm ent. By th e  l a s t  decade, 
how ever, i t  was becom ing a l l  to o  apparent th a t we had encouraged econom ic 
developm ent a t  th e  expense o f  our n a tu r a l r e s o u r c e s .  I f  we wanted to  p reserv e  
or co n serv e  what rem ained o f  them, w e, a s  a n a t io n ,  would have to  s to p  tak in g  
them fo r  g ra n ted .
The adm onition  was taken s e r io u s ly  and s e v e r a l  m easures were adopted to  
in c r e a s e  aw areness o f  th e  problem among th e  g e n e r a l p u b lic  and p la n n e r s . An 
e d u c a t io n a l campaign was s ta r te d  in  th e  1960 ' s  and i s  s t i l l  in  p r o g r e ss  to  
make p e o p le  aware th a t  t h i s  country does n o t have an i n f i n i t e  re so u rce  capa­
b i l i t y .  Laws were en a c ted , p a r t ic u la r ly  th e  N a tio n a l E nvironm ental P r o te c t io n  
Act o f  1959 , to  h e lp  p r o te c t  th e se  r e s o u r c e s . C o n tr o lle d  growth w ith  r e sp e c t
to  urban sp raw l was advocated  a lon g  w ith  zero  p o p u la t io n  growth in  an e f f o r t
to  l im i t  th e  in c r e a s in g  d e p le t io n ,  d eg ra d a tio n  and d e s tr u c t io n  o f  th e  rem aining  
r e s o u r c e s .  These s te p s  have by no means r e s o lv e d  th e  problem  but th ey  have 
made many p eo p le  more aware o f th e  s i t u a t io n .
In th e  f i e l d  o f  w ater r e so u r c e s  p lan n in g  t h i s  broader o u tlo o k  was in c o r ­
p orated  in t o  a document w r it te n  by th e  U n ited  S t a t e s  Water R esources C ouncil
th e  E staH ish ed m en t o f  P r in c ip le s  and Standards fo r  P lan n in g  Water and R elated  
Land R eso u rces , or th e  P r in c ip le s  and S ta n d a rd s. The Water R eso u rces C ouncil 
i s  a government agency composed o f  th e  S e c r e ta r ie s  o f  I n t e r io r ,  A g r ic u ltu r e ,  
Army, H e a lth , E ducation  and W elfa re , and T ra n sp o r ta tio n  and th e  Chairman o f  
th e  F ed era l Power Com m ission, which r e a l iz e d  th e  n e c e s s i t y  f o r  a new approach  
to  w ater r e so u r c e s  p la n n in g  in  the l a t e  1 9 6 0 's . S e v e r a l y e a r s  o f  e f f o r t  on 
t h e ir  p art produced a s e t  o f g u id e l in e s .  They s o l i c i t e d  agen cy  comment 
and p u b lic  in p u t on th e  g u id e l in e s ,  and p u b lish ed  them as th e  P r in c ip le s  and 
Standards in  Septem ber, 1973. These are  th e  p roced u res now in  e f f e c t .  They 
in co rp o ra te  th e  t r a d i t io n a l  method o f w ater r e so u r c e s  p la n n in g , th e  b e n e f i t -  
c o s t  a n a ly s i s ,  w ith  th e  newer c o n s id e r a t io n s , en v iron m en ta l q u a l i t y  and 
s o c ia l  w e l l - b e in g .
In  th e  P r in c ip le s  and S tan d ard s, th e  t r a d i t io n a l  b e n e f i t - c o s t  a n a ly s is  
i s  r e fe r r e d  to  a s  th e  n a t io n a l  econom ic developm ent (NED) o b j e c t iv e .  T h is  
i s  a q u a n t i t a t iv e  e n t i t y .  The o th er  major o b je c t iv e  i s  en v iro n m en ta l q u a l i ty  
(EQ) w hich i s  a n o n -q u a n t ita t iv e  e n t i t y .  In  o th e r  w ord s, i t  cannot be measured  
in  com m ensurate, or m onetary , term s. The W ater R esou rces C o u n c il assum es 
th a t in  th e  p lan n in g  o f  a  w ater re so u r c e s  p r o j e c t ,  m axim izing  th e  two o b j e c t iv e s  
p u ts them in  a v i r t u a l l y  e x c lu s iv e  s i t u a t io n .  The p la n  w hich  b e s t  f u l f i l l s  
th e  i n t e r e s t s  o f  n a t io n a l  econom ic developm ent w i l l  b e  th e  m ost d e tr im e n ta l  
in  terms o f  en v iron m en ta l q u a lity  and v ic e - v e r s a .  T h e r e fo r e , a lth o u g h  th e  
P r in c ip le s  and Standards s t ip u la t e s  th a t  a l t e r n a t iv e  p lan s sh o u ld  be d evelop ed  
which em phasize one o b j e c t iv e  or th e  o t h e r ,  th ey  a l s o  im ply th a t  much tr a d e ­
o f f ,  com prom ising and n e g o t ia t in g  w i l l  have t o  occur among th e  p la n n ers  and 
th e  p u b lic  b e fo r e  a f i n a l  a l t e r n a t iv e  i s  ch o se n . The f i n a l  p la n  w i l l  be a 
compromise betw een th e  en v iron m en ta l q u a l i t y  and n a t io n a l  econom ic developm ent
o b j e c t iv e s .
When a p lan  i s  d ev e lo p ed , both  Che b e n e f i c ia l  and a d v e r se  e f f e c t s  
r e la te d  t o  th e  two o b j e c t iv e s ,  NED and EQ, must be d e t a i le d  w h ile  keeping  
in  mind th a t  the purpose o f p la n n in g  fo r  w ater and land  r e s o u r c e s  i s  to  
improve th e  q u a l i t y  o f  l i f e .  The n e t  changes, b e n e f i c i a l  and a d v erse , 
r e la te d  to  th e  two o b j e c t iv e s  th a t w i l l  occur i f  th e  p r o je c t  i s  b u i l t  are  
to  be d e t a i l e d  in  fo u r  a c c o u n ts:  n a t io n a l  econom ic d evelop m en t, en v iro n ­
m ental q u a l i t y ,  r e g io n a l developm ent and s o c i a l  w e l l - b e in g .  N a tio n a l  
econom ic developm ent i s  measured in  monetary term s, th e  en v iron m en ta l 
q u a lity  and s o c i a l  w e l l -b e in g  a cco u n ts  are d e s c r ip t iv e ,  and th e  r e g io n a l  
developm ent account i s  a com bination  o f  q u a n t i ta t iv e  and q u a l i t a t iv e  term s. 
They are d e t a i le d  fu r th e r  in  Chapter Two. For th e  Coarse S o rt System  so r t  
ch a rts  w ere d eve lop ed  o n ly  fo r  th e  two o b je c t iv e s  and t h e ir  a c c o u n ts , th a t  
i s  n a t io n a l  econom ic developm ent and en v iron m en ta l q u a l i t y .  S o rt ch a rts  
cou ld  e a s i l y  be d es ig n ed  fo r  th e  o th e r  two acco u n ts i f  n e c e s s a r y .
When th e  a cco u n ts  are being  d e l in e a te d , th e  p la n n ers  must be wary o f  
th e ir  own s u b j e c t iv e  judgem ents and must a ls o  be aware o f  a t t i t u d e s  o f  
v a r io u s i n t e r e s t  groups toward th e  p la n . These in c lu d e  e n v ir o n m e n ta lis t s ,  
c o n s e r v a t io n i s t s ,  d e v e lo p e r s , fa rm ers, ra n c h e r s , la b o r  u n io n s , and o th ers  
who sh ou ld  have in p u t in t o  th e  d ec is io n -m a k in g  p r o c e s s .  I f  t h i s  i s  done 
e f f e c t i v e l y ,  i t  w i l l  be e a s ie r  to  d ec id e  on a f i n a l  p la n .
I n  th e  t i t l e  o f  th e  P r in c ip le s  and Standards i s  a d i r e c t  r e fe r e n c e  to  
th e  f a c t  th a t  th e  p la n n in g  o f  w ater  re so u r c e s  a l s o  in v o lv e s  th e  u se  o f  th e  
land in  th e  v i c i n i t y  o f  th e  w ater r e so u r c e . T h is r e l a t e s  t o  th e  em phasis on 
en viron m en ta l q u a l i t y .  S in ce  w ater  i s  one o f  th e  n a tu r a l r e so u r c e s  which  
i s  taken  f o r  g r a n te d , p a r t ic u la r ly  good q u a l i t y  w a te r , c o n s id e r a t io n  o f  lan d
u ses w hich w i l l  h e lp  m it ig a te  th e  d egrad ation  o f a w ater sou rce  i s  im p ortan t.
In o th e r  w ords, w ater  and r e la te d  land  reso u rces  are  m u tu a lly  d ep en d en t.
Water r e so u r c e  p r o j e c t s  o f t e n  e f f e c t  land use and land  u se  e f f e c t s  w ater  
r e s o u r c e s .
A r e s e r v o ir  p r o je c t  i s  an exam ple o f t h i s  in t e r a c t io n .  C o n stru ctin g  
a r e s e r v o ir  means in u n d a tin g  many a c r e s  o f  la n d , but w ater from th e r e s e r v o ir  
may be used  to  i r r i g a t e  cropland  and in c r e a se  i t s  p r o d u c tio n . On th e  o th er  
hand, i f  f e r t i l i z e r  i s  a l s o  used on th e  crop lan d , r u n o ff  from i t  which flow s  
in to  th e  r e s e r v o ir  w i l l  ca u se  th e  q u a lity  o f  th e  w ater to  be degraded by 
the n u t r ie n t s  in  th e  f e r t i l i z e r .  Runoff can a ls o  c o n tr ib u te  sed im en t, p e s t i ­
c id e s  and m in e r a ls  to  a w ater  s o u r c e . C on stru ction  p r o je c t s  and poor land  
management can in c r e a s e  e r o s io n  in  a w atershed  and add to  th e  d eg ra d a tio n  o f  
the w a te r . The more p o l lu te d  th e  w ater i s ,  th e  more c o s t ly  trea tm en t i t  
r e q u ir e s  b e fo r e  i t  can be used fo r  w ater supp ly  and i r r i g a t i o n .  Thus, land  
use r e la t e d  to  w ater  q u a l i t y  i s  an im portant a sp ec t o f  cu rren t w ater r e so u r c e s  
p la n n in g  d i r e c t i v e s .
A nother rea so n  fo r  th e  change in  the w ater r e so u r c e s  p la n n in g  p r o c e ss  
i s  th a t  w ater  r e so u r c e  p r o je c t s  do a l o t  o f  en v iron m en ta l damage. R eserv o ir s  
in undate a g r ic u l t u r a l  la n d , w i l d l i f e  h a b i t a t s , and g ra v ey a rd s , a l t e r  th e  
f i s h in g  c h a r a c t e r i s t i c s  o f  s tr e a m s, and r e s u l t  in  th e  l o s s  o f  hom es, o th er  
s t r u c t u r e s ,  and a r c h e o lo g ic a l  s i t e s .  In an attem pt to  m it ig a te  en viron m en tal 
damage, c o n s id e r a t io n  must be g iv e n  t o  a l t e r n a t iv e  m ethods o f  f lo o d  c o n tr o l  
and w ater  su p p ly , and o th e r  m easures r e la te d  to  w ater re so u r c e  p r o j e c t s .  Non- 
s t r u c tu r a l  m ethods fo r  a c h ie v in g  s ta te d  g o a ls  might p o s s ib ly  a l l e v i a t e  the  
im pact on th e  en v iro n m en t, j u s t  a s  d ev e lo p in g  a lr e a d y  e s t a b l is h e d  w ater so u r c e s
fu r th e r  i s  an oth er l e s s  d e s tr u c t iv e  p o s s i b i l i t y .
In th e  P r in c ip le s  and S tandards i t  i s  im p lied  th a t  p la n n ers sh ou ld  
c o n s id e r  v a r io u s  m ethods to  a c h ie v e  an o b j e c t iv e .  Open-minded and e n lig h te n e d  
th in k in g  among th e  p lan n ers sh o u ld  be encouraged and pervade th e  d e c is io n ­
m aking p r o c e s s .  At th e  same t im e , th e  w ish es o f  th e  p u b lic  fo r  whom th ey  
a r e  d o in g  th e  p la n n in g  must be tak en  in to  a cco u n t. Not o n ly  w i l l  t h i s  h e lp  
e l im in a te  some o f th e  proposed a l t e r n a t iv e s ,  i t  w i l l  a l s o  g iv e  th e  p la n n ers  
some id ea  o f  what th e  p u b lic  i s  w i l l in g  to  pay fo r  and what t r a d e o f f s  and 
com prom ises th e  p u b lic  w i l l  a c c e p t .
A lthough th e r e  a re  s t ip u la t io n s  in  th e  P r in c ip le s  and S tandards about 
what i s  to  be in c lu d e d  in  the v a r io u s  acco u n ts  and s u g g e s t io n s  a s  to  a 
form at fo r  d is p la y in g  th e  a c c o u n ts , th ere  i s  no m ethodology fo r  s o r t in g  
through th e  v a r io u s  a l t e r n a t iv e s  and e l im in a t in g  in f e a s ib le  p la n s .  The 
C oarse S o rt System  was d evelop ed  to  h e lp  f i l l  t h i s  v o id . I t  a ls o  p ro v id es  
a  m odel th a t  can be u t i l i z e d  by th o se  who are n ot m a th em a tica lly  in c l in e d .
CHAPTER TWO 
WATER RESOURCES PLANNING METHODS
The P r in c ip le s  and Standards In co rp o ra te s  th e  new methods fo r  w ater  
r e so u r c e s  p lan n in g  w ith  th e  t r a d i t io n a l  b e n e f i t - c o s t  a n a ly s is  m ethod.
Emphasis I s  p la ced  on th e  developm ent o f  a t l e a s t  two a l t e r n a t iv e  p la n s ,  
one r e la te d  to  n a t io n a l  economic d evelopm ent, th e  o th e r  to  environm ental 
q u a l i t y .  The b e n e f i t - c o s t  a n a ly s is  i s  r e ta in e d  In th e  n a t io n a l  econom ic  
developm ent o b j e c t iv e .  Most o f th e  en v iron m en ta l q u a l i t y  o b je c t iv e  Is  
n o n -q u a n tI f la b le  and r e q u ir e s  a q u a l i t a t iv e  e v a lu a t io n  o f  th e  r e s u l t s  o f  
an In -d ep th  en v iron m en ta l In v en to ry .
Two o th er  a s p e c ts  o f w ater r e so u r c e s  p la n n in g  th a t  r e c e iv e  s p e c i f i c  
em phasis are land use and p u b lic  p a r t ic ip a t io n .  Land use i s  in c lu d ed  In 
both  o f the o b j e c t iv e s ,  p u b lic  p a r t ic ip a t io n  I s  to  be encouraged and 
u t i l i z e d  as d ir e c t  Input throughout th e  p lan n in g  p r o c e s s .  T h is ch ap ter  
e x p la in s  the p a st and p resen t e lem en ts  o f  th e  p la n n in g  p r o c e s s .
The T r a d it io n a l Method
Both In w r it in g  (L in s le y  and F r a z ln l ,  N a tio n a l Water Commission) and in  
answer to  d ir e c t  q u e s t io n s  by th e  a u th o r , th o se  who have been In vo lved  in  
th e  p la n n in g  o f w ater r e so u r c e s  p r o je c t s  f o r  many y ea rs  admit th a t  th e  
en v iro n m en ta l e f f e c t s  o f  a p r o je c t  w ere n o t a s e r io u s  c o n s id e r a t io n . I n s te a d ,  
th e  m ajor concern  was to  o b ta in  C o n g ress io n a l a u th o r iz a t io n  and fu n d in g  fo r
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a p r o j e c t .  T h is req u ired  c a lc u la t in g  th e  b e n e f i t s  and c o s t s  o f  a p r o je c t  
such th a t th e  b e n e f i t  to  c o s t  r a t io  was a t  l e a s t  o n e , p r e fe r a b ly  g r e a te r  
than  o n e . S in ce  en v iron m en ta l e f f e c t s  are  g e n e r a lly  n o t q u a n t if ia b le  th ey  
were n o t m easured. The u n d e r ly in g  p h ilo so p h y  fo r  th e  b e n e f i t - c o s t  c a lc u la ­
t io n s  was based  on w e lfa r e  econom ics and " in crem en ta l"  p la n n in g .
W elfare Economics
The th eo ry  u n d er ly in g  w e lfa r e  econom ics s e e k s  t o  determ ine "how a v a i la b le  
r e so u r c e s  may be b e s t  used  to  promote human w e lfa r e ."  With r e sp e c t  to  th e  
p r e v io u s  remarks about our r e so u r c e s  b e in g  f i n i t e ,  w e lfa r e  econom ics i s  a ls o  
a method " for  a l lo c a t in g  th e  t o t a l  r e so u r c e s  base among p o t e n t ia l  u s e s  and 
u se r s  to  meet in d ir e c t  r e a l  and group needs" (James and L e e ) . The a s p e c t  
o f w e lfa r e  econom ics which i s  a p p lie d  to  w ater r e so u r c e s  p lan n in g  i s  th e  
b e n e f i t - c o s t  a n a ly s i s .
B e n e f i t - c o s t  a n a ly s is  i s  a m easure o f  th e  goods and s e r v ic e s  in v o lv e d  
in  a p r o j e c t .  Those th a t r e s u l t  from a p r o je c t  are b e n e f i t s ,  th o se  req u ired  
to  d ev e lo p  a p r o je c t  are  c o s t s .  They are measured in  d o l la r  v a lu e s  b eca u se  
t h i s  method i s  e a s i l y  u n d erstood  and p u ts  a l l  o f  th e  components in to  s im ila r  
or commensurate u n it s  o f  m easure which f a c i l i t a t e s  a d d it io n ,  s u b s tr a c t io n  
and com parison . D o lla r  v a lu e s  a re  a ls o  a co n v en ien t in d ic a to r  o f th e  worth  
o f som eth ing .
The u se  o f d o l la r  v a lu e s  to  r e p r e se n t  go o d n ess , v a lu e , u t i l i t y ,  or  
w e lfa r e  i s  b a s ic  to  w e lfa r e  eco n o m ics . The c e n tr a l  concept i s  th a t
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. . . under c e r ta in  c o n d it io n s ,  co n sid ered  n o t to o  u n reason ab le , 
an economy o p e r a tin g  w ith  h ig h ly  c o m p e tit iv e  m arkets and w ith  
consum ers and p ro d u cers who a re  r a t io n a l ly  a ttem p tin g  to a c h ie v e  
the la r g e s t  p o s s ib le  b e n e f i t  fo r  th e m se lv e s , w i l l  ten d  to p ro ­
duce maximum w e lfa r e  fo r  i t s  c i t i z e n s  w ith in  th e  co n tex t o f  a 
g iv e n  d is t r ib u t io n  o f  incom e (K n eese ).
K n eese 's  th e o r y  i s  r e la t e d  to  th e  o p era tio n  o f  a p r iv a te  co m p etit iv e
economy. In h eren t in  th e  con cep t are  th r e e  m echanism s:
1 . C om p etition  w i l l  tend  to  fo r c e  p r ic e s  down to  th e  low est  
p o s s ib le  l e v e l  w hich w i l l  s t i l l  perm it th e  f u l l  co sts  o f  
p ro d u ctio n  to  b e c o v e r e d , in c lu d in g  a h ig h  enough return  
on th e  in v estm en t o f  firm s to  make them w i l l i n g  to  keep 
t h e ir  in v estm en t in  th e  in d u str y  in  th e  lon g  run .
2 . Each p ro d u c tiv e  r e so u r c e  w i l l  be used up to  th e  point 
where th e  c o s t  o f  an a d d it io n a l  u n it  i s  j u s t  eq u a l to i t s  
c o n tr ib u t io n  to  th e  v a lu e  o f  p r o d u c tio n .
3 . Consumers a tte m p tin g  to  a ch iev e  maximum s a t i s f a c t io n  from
a g iv e n  amount o f  incom e w i l l  ten d  to  a l l o c a t e  th e ir  ex p en ­
d itu r e  in  such a  way th a t  th e  l a s t  d o l la r  sp e n t fo r  any
p a r t ic u la r  item  w i l l  y i e ld  an amount o f  s a t i s f a c t io n  e q u a l  
to  th e  l a s t  d o l la r  sp en t on any o th er  item  (K n eese ).
These m echanism s in  tu rn  are b a sed  on th r e e  c o r o l l a r i e s :
1 . A firm  w i l l  produce a good by com bining f a c t o r s  which w i l l  p ro v id e  
th e  l e a s t - c o s t  a l t e r n a t i v e .
2 . A firm  w i l l  o n ly  " in c r e a s e  i t s  output u n t i l  th e  cost o f  p rod u cin g  
th e  l a s t  u n it  o r  m arg in a l c o s t  i s  j u s t  eq u a l to  the p r ic e  i t  
b r in g s  in  a m arket" (E c k s t e in ) .
3 . Consumers are w i l l i n g  to  s u b s t i t u t e  one good fo r  another i f  a t  
th e  same tim e th e y  are  a b le  to  m axim ize th e  s a t i s f a c t io n  which  
can be a ch iev ed  w ith  a g iv e n  l im ite d  incom e and a g iven  s e t
o f  market p r i c e s .  T h is shou ld  r e s u l t  in  an e f f i c i e n t  a l lo c a t io n  
o f  r e s o u r c e s .
T hese th r e e  c o r o l l a r i e s  a re  s im ila r  to  th e  th r e e  m echanism s, how ever.
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th ey  are in  th e  language th a t  p la n n ers  u se . The b eh av ior  o f  th e  p e o p le  fo r  
whom th ey  are p la n n in g , or  what th e  p lanner p e r c e iv e s  th e  consumer seem s 
w i l l i n g  to  pay f o r ,  sh o u ld  be a m ajor c o n s id e r a t io n  in  d e v e lo p in g  a p la n .
D ir e c t  B e n e f i t s  and C osts
" B en efit  i s  a m easure o f v a lu e  and r e f l e c t s  a con su m er's w i l l in g n e s s  
to  a l l o c a t e  income to  th e  purchase o f a commodity." I th e  term b e n e f i t  
i s  s u b s t i tu te d  fo r  th e  word p r ic e ,  then a " firm  p roduces up to  th e  p o in t  
where m arginal c o s t  e q u a ls  b e n e f it"  ( E c k s te in ) . The b e n e f i t s  r e fe r r e d  to  
below  are a l l  m easured w ith  t h i s  con cep t in  mind.
In a w ater r e so u r c e s  p r o je c t ,  th e  prim ary b e n e f i t s  a re  "the v a lu e  of  
th e  p rod u cts or s e r v ic e s  which r e s u l t  d ir e c t ly  from th e  p r o je c t ."  These  
b e n e f i t s  m ight in c lu d e  "farm c r o p s , e l e c t r i c i t y ,  f lo o d  c o n t r o l ,  and n a v i­
g a t io n  s e r v ic e s  . . . th e  market v a lu e  o f th e se  goods and s e r v ic e s  a t t r i ­
b u ta b le  t o  th e  p r o je c t  u s u a l ly  i s  taken to  r e p r e se n t th e  c o n tr ib u t io n  to  
th e  s o c i a l  b e n e f i t  o f  th e  p r o je c t"  (K n eese). These a re  ta n g ib le  b e n e f i t s .
Secondary b e n e f i t s  a re  th o se  "stemming from" a c t i v i t i e s  in f lu e n c e d  
by th e  p r o je c t  e c o n o m ic a lly  r a th e r  than t e c h n o lo g ic a l ly .  They accru e  to  
prod u cers who a r e  not d i r e c t ly  in v o lv e d  in  th e  w a te r -r e s o u r c e s  p r o je c t  
b u t who b e n e f i t  from i t  in  terms o f  a g r e a te r  incom e.
I n ta n g ib le  b e n e f i t s  cannot b e  measured m o n e ta r ily  but are f a c t o r s  in  
th e  d ec is io n -m a k in g  p r o c e s s .  T r a d it io n a l ly ,  th e se  in c lu d e d  improved h e a lth ,  
th e  sa v in g  o f  l i v e s ,  and the en v iron m en ta l a s p e c ts  o f  a  p r o je c t :  a e s t h e t i c s ,
and "the p r e s e r v a t io n  o f  a rea s  o f  unique n a tu r a l b e a u ty , and s c e n ic ,  h i s t o r i ­
c a l ,  or  s c i e n t i f i c  in t e r e s t "  (James and L e e ) .
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O ther b e n e f i t s  a r e  measured w hich accrue from  a  p r o j e c t .  Land 
enhancem ent i s  th e  r e s u l t  o f  in c r e a se d  p ro d u ctio n  income from c r o p s .  
Employment b e n e f i t s  can be measured i f  employment o p p o r tu n it ie s  are  
in c r e a se d  fo r  unemployed p erso n s who a re  a c t u a l ly  a b le  to  work on th e  
p r o je c t  or wages are in c r e a se d  fo r  th o se  p erso n s  c o n s id e r e d  underem ployed  
(James and L e e ). There are d i f f i c u l t i e s  in  m easu rin g  t h i s  item , one o f  
them b e in g  th a t in  a p u re ly  c o m p e t it iv e  market sy ste m , such  a s th a t  assumed 
p r e v io u s ly ,  one o f  th e  assum ptions i s  th a t  " a l l  r e so u r c e s  and la b o r  are  
employed" ( E c k s t e in ) . T his i s  known to  be a poor assum ption  when th e  
co u n try  a s  a whole i s  c o n s id e r e d , w hich i t  i s  in  th e  n a t io n a l econom ic 
developm ent account req u ired  by the P r in c ip le s  and S ta n d a rd s. I f  
employment b e n e f i t s  a re  in c lu d e d , i t  fo l lo w s  th a t  r e d is t r ib u t io n  o f  
income w i l l  o ccu r . T h is i s  an oth er  b e n e f i t .
The d ir e c t  c o s t s  of a p r o je c t  a re  r e la te d  to  i t s  i n s t a l l a t i o n  and to  
th e  o p e r a t io n , m aintenance and rep lacem en t a s p e c t s .  In clu d ed  in  th e  
i n s t a l l a t i o n  o f  a p r o je c t  a r e  the c o s t s  o f  c o n s tr u c t io n ,  e n g in e e r in g  and 
a d m in is tr a t io n , r ig h t -o f -w a y , and r e lo c a t io n  f a c i l i t i e s .  O peration  and 
m aintenance c o s t s  in c lu d e  "opening and c lo s in g  o f  g a t e s ,  o v e r se e in g  
h y d r o e le c t r ic  p la n t s ,  pu rch asin g  power fo r  pumping, . . . p r e v e n t iv e  
m a i n t e n a n c e r e p a ir s ,  weed and e r o s io n  c o n t r o l .  There a re  o th e r  c o s t  
c a t e g o r ie s  which must be c o n s id e r e d . A sso c ia te d  c o s t s  are  th o se  r e q u ir in g  
" p r iv a te  in vestm en t t o  produce or u t i l i z e  p r o je c t  output"  such a s  p rep arin g  
farm land fo r  i r r ig a t io n .  Induced c o s t s  are th o se  c r e a te d  by th e  a d v erse  
e f f e c t s  o f  a p r o je c t  such a s  downstream f lo o d in g  r e s u l t in g  from upstream  
d r a in a g e . The commitment o f  r e so u r c e s  to  a p r o je c t  in  ord er t o  a c h ie v e  
a g o a l "has th e  o p p o r tu n ity  c o s t  o f  o th er  u se s  s a c r if ic e d " (J a m e s  and L e e ) .
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Other C o n sid era tio n s
There are s e v e r a l  o th e r  e lem en ts o f e n g in e e r in g  econom ics which are 
co n sid ered  in  the p r o c e s s  o f  e v a lu a t in g  a p r o je c t  w ith  th e  b e n e f i t - c o s t  
method.
The in crem en ta l method in v o lv e s  c a lc u la t in g  the b e n e f i t s  and c o s t s  fo r  
each segm ent o f  a p r o j e c t .  I f  the b e n e f i t s  exceed  th e  c o s t s ,  th e  segment 
can be j u s t i f i a b l y  added t o  th e  p r o j e c t .
I f  a b e n e f it  or c o s t  cannot be measured d i r e c t l y ,  th en  th e  p r ic e  o f  the 
most p la u s ib le  a l t e r n a t iv e  i s  u sed . For in s ta n c e ,  i f  th e  v a lu e  o f  tr a n sp o r t­
ing. goods by boat cannot be m easured, then th e  c o s t  to  tr a n sp o r t  by truck  
or t r a in  i s  used .
The l i f e t im e  or ex p ec ted  u s e fu l  d u ra tion  o f a p r o je c t  i s  im portant fo r  
the c a lc u la t io n  o f  t o t a l  b e n e f i t s  and c o s t s  u s in g  th e  d isc o u n t r a te  method. 
The d isco u n t r a te  i s  "the e x p r e s s io n  o f  the tim e v a lu e  o f  c a p i t a l  used in  
e q u iv a le n c e  c a lc u la t io n s  comparing a l t e r n a t iv e s ."  The tim e p er io d s  can be 
20, 50 or 100 y e a r s . Some p r o je c t s  in c lu d e  s tr u c tu r e s  th a t  have a d i f f e r e n t  
l i f e t im e  than the b e n e f i t s  th a t w i l l  accrue to  th e  p r o j e c t ,  how ever, when th e  
p resen t worth method (d e sc r ib e d  below ) i s  u sed  to  d eterm in e t o t a l  b e n e f i t s  
and c o s t s ,  th e  same tim e frame must be used fo r  th e  e n t i r e  p r o j e c t .
The p resen t worth fa c to r  i s  d er iv ed  from s in g le  payment f a c t o r s .  The 
l a t t e r  are used to  c o m p a re  a l t e r n a t iv e s  and t h e ir  p u rp ose i s  " to  con vert  
a v a lu e  a t  one d a te  to  an e q u iv a le n t  v a lu e  a t  an oth er d a te ."  The s in g le  
payment p resen t-w o r th  fa c to r  " in d ic a te s  the number o f  d o l la r s  one must i n i ­
t i a l l y  in v e s t  a t i  p ercen t to  have $1 a f t e r  N y e a r s -"  The o th e r  fa c to r ,  th e  
s in g le  payment conçound-amount f a c t o r ,  " in d ic a te s  th e  number o f  d o l la r s  which  
w i l l  have to  be accum ulated  a f t e r  N y e a r s  fo r  every  d o l la r  i n i t i a l l y  in v e s te d  
at a r a te  o f retu rn  o f  i  p ercen t"  (James & L e e ) .
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The b e n e f i t - c o s t  a n a ly s e s  a r e  c a lc u la te d  fo r  th e  econom ic developm ent 
o f th e  proposed p la n  area  both  w ith  and w ith ou t th e  p r o j e c t .  In  t h i s  way, 
th e  s p e c i f i c  e f f e c t s  o f  a p a r t ic u la r  p r o je c t  on an area can be compared to  
the fu tu r e  o f  th e  area w ith o u t a p r o je c t .
P r e d ic t in g  th e  fu tu r e  in v o lv e s  an in ta n g ib le  item  not y e t  e n co u n tered , 
u n c e r ta in ty . Many a s p e c ts  o f  w ater  r e so u rces  p r o je c t s  c o n ta in  t h i s  elem ent 
in c lu d in g  th e  p o p u la t io n  p r o j e c t io n s ,  p u b lic  r e a c t io n , changes in  te c h n o lo g y ,  
and f lo o d  p r e d ic t io n .  Methods fo r  d e a lin g  w ith  t h i s  problem  have been  to
(1) apply  " p r e se le c te d  p e r c e n ta g e s  t o  in c r e a se  c o s t s  or red u ce b e n e f i t s ,"
(2) l im it  th e  p e r io d  o f  a n a l y s i s ,  or (3) add a " r isk  increm ent to  th e  d i s ­
count rate"  (James and L e e ) .
Till.' F l o o d  C o n t r o l  A c t  o f  1 9 36 d i r o r t e d  t h a t  t h e  b e n e f i t s  
and c o s t s  o f a p r o je c t  w ere t o  be c a lc u la te d  and formed in t o  a r a t io  where 
" c o sts"  was th e  denom inator and s e t  eq u a l to  one and b e n e f i t s  th e  num erator. 
S in c e  th e  chances o f  h a v in g  a p r o je c t  a u th o r ized  by C ongress w ere much b e t t e r  
w ith  a good b e n e f i t / c o s t  r a t i o ,  p r o je c t s  w ithout n e t b e n e f i t s  w ere seldom  
c o n s id e r e d . The b e n e f i t / c o s t  r a t io  i s  determ ined by c a lc u la t in g  th e  p r e se n t  
worth of the b e n e f i t s  and d iv id in g  t h i s  by the c a lc u la te d  v a lu e  o f th e  p r e se n t  
w orth of th e  c o s t s .  I f  i n i t i a l  c a lc u la t io n s  r e s u lte d  in  a b e n e f i t / c o s t  r a t io  
l e s s  than u n it y ,  th en  th e  in c r e m e n ta l method was used to  in c r e a s e  th e  b e n e f i t  
c o s t  r a t i o  u n t i l  a r a t io  o f  one o r  g r e a te r  was a c h ie v e d . The b e n e f i t - c o s t  
method was s p e c i f i c a l l y  used fo r  p r o j e c t s  r e q u ir in g  F ed era l p a r t ic ip a t io n  and 
C ongress has used th e  b e n e f i t / c o s t  r a t io  to  determ ine w hether o r  n o t a p r o je c t  
sh ou ld  be a u th o r ized  and fu n d ed . L o c a lly  funded p r o je c t s  have a ls o  adopted  
th e  method.
I t  i s  im portant to  m en tio n , w ith  r e sp e c t  to  th e  ab ove, th a t  C ongress
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d o es n o t o f t e n  fund a p r o je c t  a t  th e  same time i t  a u th o r iz e s  i t .  There i s  
u s u a lly  a d e la y  o f  f i v e  to  ten  y e a r s  or more. I t  i s  n o t unusual fo r  a 
p r o je c t  to  be com pleted  tw enty y e a r s  a f t e r  i t  i s  a u th o r iz e d , nor i s  i t  
unusual to  have a u th o r iz a t io n  and no fu n d in g . A ll  o f th e  F e d e r a l w ater  
p la n n in g  a g e n c ie s  have a la r g e  b a ck lo g  o f  au th orized  but unfunded p r o j e c t s .
Some T erm inology
B efo re  th e  cu rren t w ater  r e so u r c e s  p lanning methods are  d is c u s s e d  
th ere  are  s e v e r a l  term s w hich sh ou ld  be d efined  in ord er to  a v o id  c o n fu s io n .
The t i t l e  o f  t h i s  s tu d y  c o n ta in s  th e  word "management," y e t  th e  s tu d y  
d is c u s s e s  " p la n n in g ."  These term s, "planning" and "management," a lth o u g h  
seem in g ly  d i f f e r e n t  are used  in te r c h a n g e a b ly  h ere. I f  "managing th e  n a t io n 's  
w ater ra so u rces"  means w is e ly  p la n n in g  fo r  th e ir  developm ent and u s e , th en , 
in d eed , th e  two a re  s im ila r  in  m eaning.
" M u lt io b je c t iv e "  and "m ultip u rp ose"  are two o th er  term s found fr e q u e n t ly  
in  recen t p u b lic a t io n s  but th ey  do n o t have the same m ean ing. M u ltip u rp ose  
p la n n in g  r e f e r s  to  a w ater r e so u r c e s  p r o je c t h aving  s e v e r a l  b e n e f i c ia l  
com ponents, or  th e  "increm ents"  o f  b e n e f i t - c o s t  a n a ly s i s .  For in s t a n c e ,  a 
r e s e r v o ir  p r o je c t  m ight have s e v e r a l  components or p u rp o ses: f lo o d  c o n t r o l ,
w ater su p p ly , r e c r e a t io n ,  low f lo w  augm entation and i r r i g a t i o n .
M u lt io b je c t iv e  p la n n in g  i s  th e  e sse n c e  of the P r in c ip le s  and S ta n d a rd s.
In the d is c u s s io n  which fo llo w s  th ere  w i l l  be many r e fe r e n c e s  t o  th e  n a t io n a l  
econom ic developm ent and en v iron m en ta l q u a lity  o b je c t iv e s  to  w hich m u lt i -  
o b j e c t iv e  p lan n in g  r e f e r s .  These a re  th e  two b a s ic  c l a s s i f i c a t i o n s  w hich  
c u r r e n t ly  take p reced en ce in  w ater  re so u r c e s  p la n n in g . A b e n e f i t - c o s t  a n a ly s is  
c o n v e r ts  th e  n a t io n a l  econom ic developm ent o b je c t iv e  in t o  an a c c o u n t. P art
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o f  th e  environm ental q u a l i t y  o b j e c t iv e  can be q u a n t i f ie d ,  but most o f  i t  
i s  q u a l i t a t iv e .  The en v iron m en ta l q u a l i t y  account i s  a c t u a l ly  a  v erb a l 
d e s c r ip t io n  o f  what e x i s t s  and b r i e f  s ta tem en ts  about what th e  en v iro n ­
m en ta l e f f e c t s  o f  th e  p r o je c t  w i l l  b e .
There a re  two o th e r  a cco u n ts  su b o rd in a te  to  th e  two ab ove, r e g io n a l  
developm ent and s o c ia l  w e l l - b e in g .  R eg ion a l developm ent can be e v a lu a te d , 
fo r  th e  most p a r t ,  w ith  a b e n e f i t - c o s t  a n a ly s i s ,  e x c e p t  fo r  "environm ental 
c o n d it io n s  o f  s p e c ia l  r e g io n a l  co n cern ."  S o c ia l w e l l - b e in g  i s  measured 
both in  " d o lla r s ,  o th e r  q u a n t i ta t iv e  u n i t s ,  and q u a l i t a t i v e  te r m s"  
( P r in c ip le s  and S tan d ard s) . There a r e , th e r e fo r e , two o b j e c t iv e s ,  n a t io n a l  
econom ic developm ent and en v iron m en ta l q u a l i t y ,  and fo u r  a c c o u n ts , n a t io n a l  
econom ic developm ent, en v iro n m en ta l q u a l i t y ,  r e g io n a l d evelopm ent, and 
s o c i a l  w e l l-b e in g , in h e r e n t  in  m u lt io b je c t iv e  p la n n in g . The Coarse Sort 
System  d e a ls  o n ly  w ith  th e  two o b j e c t iv e s  and f i r s t  two a c c o u n ts .
Two o th e r  e x p r e s s io n s  have been in trod u ced  in  th e  P r in c ip le s  and 
Standards to  r e p la c e  term s used in  t r a d i t io n a l  b e n e f i t - c o s t  a n a ly s e s .
T hese two are " e x te r n a l econom ies" and " e x te r n a l d ise c o n o m ie s ."  E xtern a l 
econom ies are " fa v o ra b le  con seq u en ces or b e n e f i t s  w hich  consum ption or 
p rod u ction  by one p a r ty  has on o th e r s ."  E xtern a l d iseco n o m ies  are "harmful 
con seq u en ces or c o s t s  w hich occu r in  th e  same way" (James and L e e ) . E xtern a l 
econom ies are r e la te d  to  secon d ary  or in d ir e c t  b e n e f i t s  in  co n v e n tio n a l 
b e n e f i t - c o s t  m ethods. E x tern a l d iseco n o m ies are uncom pensated induced c o s t s  
( Bureau o f R eclam ation G u id e lin e s , r ev iew  d r a f t ) .
In ord er to  a v o id  any co n fu s io n  about the en v iron m en ta l q u a lity  o b je c ­
t i v e  (EQO) in  th e  P r in c ip le s  and S ta n d a rd s, a d i s t i n c t i o n  sh o u ld  be made 
betw een t h is  o b je c t iv e  and an en v iro n m en ta l in t a c t  s ta te m e n t (E IS ) . The
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EIS i s  th e  r e s u l t  o f  th e  N a tio n a l E nvironm ental P o l ic y  Act o f  1969 (NEPA). 
S in ce  the P r in c ip le s  and Standards in c lu d e s  a l o t  o f  v e r b ia g e  from  
v a r io u s  F ed era l laws and en a ctm en ts, th e r e  are  p h r a se s  in  both th e  EQO 
and th e  EIS which a re  s im i la r .  Both o f  them r e c o g n iz e  th a t  th e  r e s u l t s  
o f econom ic and t e c h n o lo g ic a l  developm ent are  o f t e n  d e tr im e n ta l to  the  
q u a lity  o f  th e  environm ent. They a r e  both d e d ic a te d  to  th e  enhancement o f  
the en v iron m en t.
The EIS i s  a d e t a i le d  sta tem en t req u ired  "on p r o p o sa ls  fo r  l e g i s l a t i o n  
and o th e r  major F ed era l a c t io n s  s i g n i f i c a n t l y  a f f e c t i n g  th e  q u a lity  o f  the  
human en v iron m en t."  T his s ta te m e n t i s  to  in c lu d e :
1. The en viron m en tal in ç a c t  o f  th e  proposed  a c t io n ,
2 . Any ad verse  en v iron m en ta l e f f e c t s  w hich can n ot be avoided  
shou ld  th e  p r o p o sa l be im plem ented ,
3 . A lte r n a t iv e s  to  th e  proposed  a c t io n ,
4 . The r e la t io n s h ip  betw een lo c a l  sh o r t-te r m  u s e s  o f  m an's 
environm ent and th e  m aintenance and enhancem ent o f lo n g ­
term  p r o d u c t iv i ty ,  and
5 . Any ir r e v e r s ib le  and ir r e t r ie v a b le  commitments o f  re so u r c e s  
w hich would be in v o lv e d  in  the proposed a c t io n  sh ou ld  i t  be 
im plem ented (NEPA).
The EQO's purpose i s  to  "enhance th e  q u a lity  o f  th e  environm ent by th e  
management, c o n se r v a t io n , p r e s e r v a t io n ,  c r e a t io n ,  r e s t o r a t io n ,  or improve­
ment o f  th e  q u a lity  of c e r ta in  n a tu r a l and c u l t u r a l  r e so u r c e s  and e c o lo g ic a l  
sy stem s."  For every  a l t e r n a t iv e  p la n  developed  th e r e  i s  to  be a "com plete 
d isp la y  o r  acco u n tin g  o f  r e le v a n t  b e n e f i c ia l  and a d v e r se  e f f e c t s "  (P r in c ip le s  
and S ta n d a rd s) on th e  EQO. A d e t a i le d  sta tem en t o f  a l l  o f  the components 
o f th e  EQO can be found in Appendix D. E s s e n t i a l l y ,  i t  r e q u ir e s  a com plete  
en v iron m en ta l in v en to ry  and an e v a lu a t io n  (a c c o u n tin g )  o f  the p o s i t iv e
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( b e n e f ic ia l )  and n e g a t iv e  (a d v erse )  e f f e c t s  a proposed  p r o je c t  would have 
on th e  environm ent. In th e  Coarse S ort p r o c e s s , th e  EQO a ccou n ts would 
be com pleted fo r  each a l t e r n a t iv e .  A fte r  th e  e l im in a t io n  of a l l  but the  
most f e a s ib l e  a l t e r n a t iv e s  (perhaps two or th ree  would rem a in ), a form al 
EIS would be prepared fo r  each rem ain ing a l t e r n a t iv e .  T his w ould be 
n e c e s sa r y  because NEPA r e q u ir e s  i t ,  n o t b ecau se o f  th e  P r in c ip le s  and 
S ta n d a rd s .
The P r e se n t Method
The P r in c ip le s  and S tandards a re  based on a v a r ie t y  of F ed era l laws 
and d ir e c t iv e s .  A rev iew  o f  th o se  th e  Water R esou rces C ouncil c o n s id ered  
when d ev e lo p in g  the p r e se n t  g u id e l in e s  can be found in  Appendix B. Included  
in  th e  rev iew  are th e  fo reru n n ers  o f  both th e  n a t io n a l  economic developm ent 
( b e n e f i t - c o s t )  and th e  en v iron m en ta l q u a lity  o b j e c t iv e s .
As a g u id e l in e  fo r  w ater r e so u r c e s  p la n n in g , th e  P r in c ip le s  and 
Standards su p erced es a n o th er  F ed era l d i r e c t iv e .  S en a te  Document No. 9 7 , 1962. 
which was a b areb on es, p ro ced u ra l g u id e  fo r  d ev e lo p in g  water r e so u r c e s  
p r o j e c t s .  In S.D . 9 7 , th e  S en ate  req u ired  a b e n e f i t - c o s t  r a t io  fo r  a l l  
p r o je c t s  but d id  n o t s t r e s s  en v iron m en ta l q u a l i t y ,  or th e  developm ent o f  
a lt e r n a t iv e  p la n s . The P r in c ip le s  and Standards i s  much more d e t a i le d  a s  
to  what s te p s  sh ou ld  be taken  in  th e  developm ent o f  a p lan  o r  p la n s ,  and 
what s p e c i f i c  item s must be c o n s id e r e d  b e fo r e  a l t e r n a t iv e s  a r e  p rop osed .
The P lan n in g  P ro cess
One o f  th e  in n o v a t io n s  in  th e  P r in c ip le s  and Standards i s  a d e l in e a t io n  
o f  e x a c t ly  what s t e p s  sh o u ld  be fo llo w e d  in  th e  p r o c e ss  o f  p la n  fo rm u la tio n .
4. Analyse the differences among alterna­
tive plans to show tradeoffs among the 
specified components of the nultlob- 
Jectlves
1. Identify existing end projected 
problems end needs end specify 
components of the multiobjectives 
relcvsnt to planning setting
6. Select a recommended plsn from among 
the alternatives based upon an evalua­
tion of the tradeoffs among the various 
objectives
Public participation
S, Review and reconsider the specified 
components and formulate additional 
alternative plans
3. Formulate alternative plans to achieve 
varying levels of contributions to the 
specified components of the multi- 
object Ives.
2. Evaluate resource capabilities
expected conditions without the plan 
under consideration
Figure 1. Steps In the Planning Process
Source: Schaefer, 1975
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F igu re 1 i s  a flo w  ch art o f  th e s e  s t e p s .  S in c e  th e s e  s t e p s  are  im portant
in  th e  o v e r a ll  developm ent of a p la n , they  w i l l  be d is c u s s e d  in  more d e t a i l
h ere  and la t e r  on .
In th e  p r o c e s s  o f com plying w ith  th e  f i r s t  s t e p ,  " a p p ro p r ia te  F e d e r a l,
r e g io n a l ,  s t a t e ,  and l o c a l  groups" are to  be c o n su lte d  to  d e f in e  th e  n eed s
and problem s. I t  i s  a n t ic ip a t e d  th a t both th e  o b j e c t iv e s  and th e  com ponents
o f  th e  o b j e c t iv e s  w i l l  change "over tim e and betw een a r e a s  o f  th e  N ation
a s  p r e fe r e n c es  and p o s s i b i l i t i e s  change and d i f f e r ." *  The P r in c ip le s  and
Standards w i l l  be r e v is e d  to  r e f l e c t  th e se  ch a n g es.
The second s te p  in  th e  p la n n in g  p r o c e ss  r e q u ir e s  a " s u f f i c i e n t
in v en to ry  and a p p r a is a l o f  th e  w ater  and lan d  reso u rce  b a se  o f  th e  p la n n in g
a r e a ."  Step t h r e e ,  the fo rm u la tio n  o f  a l t e r n a t iv e  p la n s , sh ou ld  in c lu d e
both  s t r u c tu r a l  and n o n -s tr u c tu r a l s o lu t io n s .  I t  i s  a l s o  s t ip u la t e d  th a t
One a l t e r n a t iv e  p la n  w i l l  be form ulated  in  which o p t imum con­
tr ib u t io n s  are  made to  th e  n a t io n a l  econom ic developm ent 
o b j e c t iv e .  A d d it io n a l ly .  . . at l e a s t  one a l t e r n a t iv e  p lan  
w i l l  be form u lated  w hich em phasizes th e  c o n tr ib u t io n s  to  th e  
en viron m en tal q u a l i t y  o b j e c t iv e .
In  th e  p r o c e ss  o f fo rm u la tin g  th e  a l t e r n a t iv e s  th e  in c r e m e n ta l method o f
th e  t r a d i t io n a l  b e n e f i t - c o s t  a n a ly s is  s t i l l  a p p l ie s .  In o th e r  w ords, th e
b e n e f ic ia l  e f f e c t s  o f th e  component b e in g  c o n s id e r e d  must outw eigh  th e
a d v erse  e f f e c t s  b e fo re  i t  can be in c lu d ed  in  th e  p la n . The e x c e p t io n  to
t h i s  r u le  i s  s ta te d  a s  fo l lo w s :
A recommended p lan  must have n e t  n a t io n a l econom ic developm ent  
b e n e f i t s  u n le s s  th e  d e f ic ie n c y  in  n e t  b e n e f i t s  fo r  th e  n a t io n a l  
economic developm ent o b je c t iv e  i s  the r e s u l t  o f  b e n e f i t s  foregon e  
or a d d it io n a l c o s t s  in cu rred  to  serv e  the en v iron m en ta l q u a li ty  
o b j e c t iv e .  In  such  c a s e s ,  a p lan  w ith  a l e s s  than u n i t y  b e n e f i t -  
c o s t  b a la n ce  may be recommended as lo n g  as th e  n e t  d e f i c i t  does n o t  
exceed  th e  b e n e f i t s  foregon e and th e  a d d it io n a l  c o s t s  in cu rred  
fo r  the en v iron m en ta l q u a l i t y  o b j e c t iv e .
*
A ll  o f  th e  q u o ta tio n s  i n  t h i s  s e c t io n  u n le s s  o th e r w ise  s t a t e d  a re  from  
th e  P r in c ip le s  and S ta n d a rd s .
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T h is  e x c e p tio n  must be recomaended by a D epartm ental S e c r e ta r y  or th e  head 
o f  an independent ag en cy .
The o th e r  s ig n i f i c a n t  a sp e c t  o f p la n  fo r m u la tio n  i s  th a t  the p la n n in g  
agency must rep o rt " o th er  s i g n i f i c a n t  a l t e r n a t iv e  p la n s . . ." and an " a n a ly s is  
o f  th e  t r a d e - o f f s  among them." The t r a d e - o f f s  and th e  reason  fo r  ch o o sin g  
th e  recommended p lan  must be e x p la in e d .
The P la n n in g  Team
Although i t  i s  n o t  s p e c i f i c a l l y  s ta te d  in  th e  P r in c ip le s  and S ta n d a rd s , 
th e  en la rg ed  scop e o f  w ater  r e so u r c e s  p la n n in g  demands th a t  an adequate  
s t a f f  o f e x p e r ts  be a v a i la b le  to  conduct th e  b ase  l i n e  s t u d ie s ,  e v a lu a te  
th e  d a ta , and h e lp  form u la te  an adequate number o f  p la n s ,  perhaps 20 or 
50 d i f f e r e n t  p la n s  a t the o u t s e t .  For a  m ajor p r o j e c t ,  t h i s  e n t a i l s  h ir in g  
or c o n tr a c t in g  a la r g e  number o f p eo p le  and ta k in g  th e  tim e and e f f o r t  to  
do a thorough jo b . T h is  w i l l  c o n s id e r a b ly  in c r e a s e  the c o s t  o f p la n n in g  a 
p r o je c t .  As th in g s  now s ta n d , i f  th e  money i s  n o t sp en t a t  the b eg in n in g  
i t  may be m u lt ip l ie d  many fo ld  in  cou rt c o s t s  and damages la t e r .
There sh ou ld  be two p la n n in g  teams who are h ig h ly  com petent in  t h e ir  
r e s p e c t iv e  f i e l d s .  The n a t io n a l econom ic developm ent team m ight in c lu d e  
th e  fo llo w in g  e x p e r ts :
a w ater r e so u r c e s  en g in eer  fo r  both  e n g in e e r in g  and p lan n in g  fu n c t io n s  
an en v iron m en ta l en g in eer  fo r  w a ter  q u a l i ty  
a h y d r o lo g is t
an econ om ist fo r  la b o r , w a g es, b e n e f i t - c o s t  a n a ly s i s  
a demographer fo r  p o p u la tio n  p r o je c t io n s  
a geographer fo r  land u se
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a g e o lo g is t  
a w a ter  ch em ist, and 
a m e te o r o lo g is t  or c l im a t o lo g i s t .
The en v iron m en ta l q u a l i ty  team m ight c o n s i s t  o f :
a b io lo g i s t  or z o o lo g is t  fo r  t e r r e s t r i a l  and a q u a tic  ecosystem s  
a b o ta n is t  
a s o c i o l o g i s t  
an a n th r o p o lo g is t  
an h i s t o r ia n ,  and
a  p h ilo so p h e r  fo r  a e s t h e t i c  a s p e c t s .
R e fe r r in g  back to  F igu re  1 ,  th e  two team s would work to g e th e r  on 
s te p  1 , but sh ou ld  work s e p a r a te ly  when th e  d ata  i s  b e in g  c o l l e c t e d  and 
e v a lu a te d . One team sh ou ld  work e n t i r e l y  on the n a t io n a l  econom ic d e v e lo p ­
ment o b j e c t iv e ,  th e  o th er  e n t i r e l y  on th e  en v iron m en ta l q u a lity  o b j e c t iv e .  
T h is would in c lu d e  s te p s  th r e e  and f o u r .  A lthough th ey  are l i k e l y  to  
d ev e lo p  o v e r ly  b ia se d  and prob ab ly  some in f e a s ib le  and in co m p a tib le  p la n s ,  
th e  purpose o f  t h i s  approach i s  to  make c e r ta in  both  teams c o l l e c t  as  
much background m a te r ia l a s  th ey  can w ith o u t in te r fe r e n c e  from th e  o th er  
team s u g g e s t in g  th a t  some o f  i t  i s  i r r e l e v a n t .  S in ce  th ere  i s  no l im i t  to  
th e  number o f  p la n s  which can be p rop osed  a t  the b eg in n in g  th e r e  sh ou ld  be  
no l im i t  to  th e  amount and k in d s  o f  d a ta  o b ta in e d .
The two team s w i l l  b r in g  t h e ir  d a ta , e v a lu a t io n s  and p la n s  to g e th e r  
in  s te p  fo u r , e l im in a te  th e  t o t a l l y  b ia se d  an d /or  in f e a s ib le  ones and 
d e c id e  which m er it fu r th e r  s tu d y . I t  i s  th en  up to  th e  combined fo r c e s  
o f th e  two team s to  m a n ip u la te , cosqjrom ise, and t r a d e - o f f  u n t i l  th ey  can 
p r e se n t  a t  l e a s t  th e  two p la n s  r e q u ir e d  in  th e  P r in c ip le s  and S ta n d a rd s,
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one em phasizing  each o b j e c t iv e .
W a te r  Re s o u r c e  P l a n n i n g  O b i e c t i v e s
When t h e y  a r e  f o r m u l a t i n g  p l a n s  f o r  a  w a t e r  r e s o u r c e s  p r o j e c t ,  t h e
p l a n n i n g  t e a m s  h av e  t h e  f o l l o w i n g  p h i l o s o p h y  o f  t h e  W a t e r  R e s o u r c e s
C o u n c i l  a s  p a r t  o f  t h e i r  g u i d e l i n e s :
F o r m u l a t i n g  c o u r s e s  o f  a c t i o n  t h a t  e f f e c t i v e l y  c o n t r i b u t e  t o  t h e  
a t t a i n m e n t  o f  t h e  n a t i o n a l  ec o n o m ic  dev e l opm en t  and  e n v i r o n m e n t a l  
q u a l i t y  o b j e c t i v e s  i s  t h e  p a r a m o u n t  t a s k  of w a t e r  a n d  l a n d  r e s o u r c e s  
p l a n n i n g .  T h e s e  a c t i o n s  a r e  t h e  o n l y  means by w h i c h  o b j e c t i v e s  
can  b e  o b t a i n e d .
The W a t e r  R e s o u r c e s  C o u n c i l  r e i t e r a t e s ,  i n  d e f i n i n g  t h e s e  two m a j o r  
o b j e c t i v e s ,  t h a t  t h e  " o v e r a l l  p u r p o s e  o f  w a t e r  and l a n d  r e s o u r c e  p l a n n i n g  
i s  to  p r o m o te  t h e  q u a l i t y  o f  l i f e . ” The two o b j e c t i v e s  a r e  d e f i n e d  a s  
fo  H ow s  :
. . .  t o  e n h a n c e  n a t i o n a l  ec o n o m ic  d ev e lo p m e nt  b y  i n c r e a s i n g  
t h e  v a l u e  o f  t h e  N a t i o n ' s  o u t p u t  o f  g o o d s  and s e r v i c e s  and 
i m p r o v i n g  n a t i o n a l  ec o n o m ic  e f f i c i e n c y ,  and
t o  e n h a n c e  t h e  q u a l i t y  o f  t h e  e n v i r o n m e n t  by t h e  m a n ag e m en t ,  
c o n s e r v â t  i o n , p r e s e r v a t i o n ,  c r e a t i o n ,  r e s t o r a t i o n ,  o r  i m p r o v e ­
ment t ' f  t h e  q u a l i t y  o f  c e r t a i n  n a t u r a l  and c u l t u r a l  r e s o u r c e s  
and e c o l o g i c a l  s y s t e m s .
I t  i s  a l s o  s t a t e d  in  t h e  P r i n c i p l e s  and  S t a n d a r d s  t h a t  " f o r  e a . .  
a l t e r n a t i v e  p l a n  t h e r e  w i l l  be a c o m p l e t e  d i s p l a y  o r  a c c o u n t i n g  o f  r e l e v a n t  
b e n e f i c i a l  and a d v e r s e  e f f e c t s  on t h e s e  two o b j e c t i v e s  . . . m e a s u r e d  i n  
m o n e ta r y  o r  n o n - m o n e t a r y  t e r m s . "
The g r o u p  of  e x p e r t s  who w r o t e  t h e  P r i n c i p l e s  an d  S t a n d a r d s  a n t i c i p a t e d  
t n a t  t h e r e  would be d i s a g r e e m e n t s  among t h e  p l a n n e r s  a b o u t  w h a t  was  a d v e r s e  
o r  b e n e f i c i a l  and w ha t  t r a d e - o f f s  s h o u l d  be  made. They s u g g e s t e d  t h a t  t h e r e  
s h o u l d  be  a n  e x p r e s s i o n  o f  t h e  " a f f e c t e d  g r o u p ' s  p r i o r i t i e s  a n d  p r e f e r e n c e s "
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to  h e lp  in  th e  d e c is io n -m a k in g  p r o c e s s . In  ord er to  f a c i l i t a t e  t h i s  
a sp e c t  o f  th e  p r o c e s s ,  th ey  em phasized th a t  p u b lic  p a r t ic ip a t io n  be used  
much more e x t e n s iv e ly  than has been done p r e v io u s ly  throughout th e  e n t ir e  
p lan n in g  p roced u re.
As was m entioned  e a r l i e r ,  th e  b e n e f ic ia l  and a d v e r se  e f f e c t s  o f  a 
p r o je c t  w hich r e la t e  to  th e  two major o b j e c t iv e s ,  n a t io n a l  econom ic  
developm ent (NED)and en v iron m en ta l q u a lity  (EQ), are  t o  be d isp la y e d  in  
fou r  a c c o u n ts:  n a t io n a l  econom ic d evelopm ent, en v iron m en ta l q u a l i t y ,
r e g io n a l developm ent and s o c i a l  w e l l -b e in g . The v erb a tim  t e x t s  from  
th e  P r in c ip le s  and S tandards fo r  th e  NED and EQ o b j e c t iv e s  and accou n ts  
are  in  A ppendices C and D, r e s p e c t iv e ly .  The r e g io n a l developm ent and 
s o c i a l  w e l l -b e in g  a c c o u n ts  are  not p e r t in e n t  to  th e  C oarse S o rt s tu d y .
In e s s e n c e ,  th e  NED e f f e c t s  are s im ila r  to  th o se  en cou n tered  in  
t r a d i t io n a l  b e n e f i t - c o s t  m ethodology ex cep t fo r  th e  a d d it io n  o f  th e  
v a lu e  o f  output r e s u l t in g  from e x te r n a l eco n o m ies, and th e  l o s s e s  in  
output r e s u l t in g  from  e x te r n a l  d isecon om ies w hich w ere d e f in e d  in  the  
T erm inology s e c t i o n .  The EQ e f f e c t s  a re  co n sid ered  f o r  a v a r ie t y  o f  
item s l i s t e d  in  A ppendix D. They are d e sc r ib e d  m o stly  in  q u a l i t a t iv e  
r a th e r  than m onetary term s. Some of th e  c a te g o r ie s  a r e  open and green  
s p a c e , la k e s ,  a r c h e o lo g ic a l  r e so u r c e s  and g e o lo g ic a l  r e s o u r c e s .  An 
accou n t m ight in c lu d e  th e  number o f  a c r e s  o f  green  sp a c e  w hich would be 
inundated  by a r e s e r v o ir ,  or th e  number o f  a r c h e o lo g ic a l  s i t e s  th a t  
would be l o s t  i f  a  p r o je c t  w ere c o n str u c te d .
The r e g io n a l developm ent account i s  s im ila r  t o  th e  NED accou n t excep t 
th a t  i t  i s  c o n fin e d  to  th e  b e n e f ic a l  and ad verse  e f f e c t s  o f  a p r o je c t  on 
a c e r t a in  d e fin e d  a r e a . I t  in c lu d e s  th e  e f f e c t s  on j o b s ,  p o p u la tio n
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d i s t r ib u t io n ,  th e  econom ic b ase and s t a b i l i t y  o f  th e  r e g io n , and on the  
environm ent. T his i s  b o th  a q u a n t i t a t iv e  and q u a l i t a t iv e  a cco u n t. The 
s o c i a l  w e l l -b e in g  a cco u n t d e a ls  w ith  r e a l  income d i s t r i b u t i o n ,  l i f e ,  
h e a lth  and s a f e t y ,  e d u c a t io n , c u ltu r e  and r e c r e a t io n ,  and emergency 
p r e p a r e d n e ss .
With r e s p e c t  t o  th e  o b j e c t iv e s  and a c c o u n ts , th e r e  are  s e v e r a l  s t ip u ­
l a t io n s  made reg a rd in g  approaches to  the developm ent o f  a p la n  in c lu d in g :
1 . F u ll  employment i s  assumed u n le ss  th ere  i s  know ledge th a t  
c o n d it io n s  a re  o th e r w is e , i . e . ,  ch ro n ic  unemployment or 
underemployment ;
2 . There must be p r o je c t io n s  o f  n a t io n a l  and r e g io n a l  
employment o u tp u t, o f  p o p u la t io n , and o f  demands fo r  goods 
and s e r v ic e s ;
3 . The need f o r  w ater  and lan d  r e so u r c e s  w i l l  be r e la t e d  to  th e  
above ;
4 . Standards and g o a ls  f o r  en viron m en tal q u a l i t y  and o th er  fa c to r s  
must be k ep t in  mind;
5. The b e n e f i c i a l  and a d v erse  e f f e c t s  which would o ccu r  w ithout
a p lan  must be d eterm in ed , as w e l l  a s  th o se  f o r  th e  a l t e r n a t iv e  
p la n s;
6 . I f  p r ic e s  are  used  th e y  should  r e f l e c t  th e  r e a l  exchange v a lu e s  
ex p ected  t o  p r e v a i l  o v e r  th e  p er io d  o f  a n a ly s i s ;
7. The d isc o u n t r a te  used  w i l l  be th a t  r e la t e d  t o  th e  c o s t  o f  
F ed era l b orrow in g; and
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8 . . . .  and p la n s , or  in crem en ts , t h e r e to , w i l l  n o t be recommended
fo r  F ed era l developm ent t h a t ,  a lth o u g h  th ey  have b e n e f ic ia l  
e f f e c t s  on th e  o b j e c t iv e s ,  w ould  p h y s ic a l ly  or  econom ically  
p rec lu d e  a l t e r n a t iv e  n o n -F ed era l p la n s  which would l ik e ly  be 
undertaken  in  th e  a b sen ce o f  th e  F ed era l p lan  and which would 
more e f f e c t i v e l y  c o n tr ib u te  to  th e  o b j e c t iv e s  when comparably 
e v a lu a te d  accord in g  to  th e s e  p r in c ip le s .
The P r in c ip le s  and th e  Standards
The P r in c ip le s  r e fe r r e d  to  in  th e  t i t l e .  P r in c ip le s  and S tandards, are  
the b e n e f ic ia l  and ad verse  e f f e c t s  o f  th e  two o b j e c t iv e s ,  n a tio n a l econom ic  
developm ent and en v iron m en ta l q u a l i t y .  The s e c t io n  on P r in c ip le s  in the  
document in c lu d e s  a subheading c a l l e d  " g en era l e v a lu a t io n  p r in c ip le s ."  T h is  
segem ent c o n ta in s  b r ie f  s ta te m e n ts  about what p r in c ip le s  should  be c o n s id e r e d  
when e v a lu a t in g  th e  two o b j e c t iv e s .  These in c lu d e :  th e  g en era l s e t t in g ,
b e n e f ic ia l  and a d v erse  e f f e c t s ,  p r ic e  r e la t io n s h ip s ,  and r is k  and u n c e r ta in ty ,  
among o th e r s . The s te p s  in  p la n  fo r m u la tio n  a r e  m entioned in  another s e c t io n  
which a ls o  c o n ta in s  a sta tem en t about e v a lu a t in g  th e  p r o je c t  area w ith o u t  
a p la n , and a segment about fo rm u la tin g  a l t e r n a t iv e  p la n s . The P r in c ip le s  
are to  be im plem ented by th e  e s ta b lish m e n t  o f  "Standards for  p lann ing  w ater  
and land r e so u r c e s  in  accordance w ith  th e  Water R esources P lanning A c t."
The Standards are d e f in i t i o n s  o f  th e  com ponents th a t  should  be 
ev a lu a ted  when im plem enting th e  P r in c ip le s .  A lthough th e s e  Standards are  
on ly  b in d in g  on p r o je c t s  w hich in c lu d e  F ed era l p a r t ic ip a t io n ,  they a r e  a l s o  
in tended  as a  u s e fu l  gu ide fo r  s t a t e  and l o c a l  p la n n in g . I t  should be n o te d ,  
how ever, th a t  a lth ou gh  F ed era l p a r t ic ip a t io n  i s  an in t e g r a l  p art of a  p r o j e c t ,  
s e c t io n s  o f a  p r o je c t  may be im plem ented by s t a t e  or o th e r  non-F ederal 
e n t i t i e s .  The programs w hich come under th e  j u r i s d i c t i o n  o f th ese  s ta n d a rd s
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are
Corps o f E ngineers c i v i l  fu n c tio n s
—  Bureau o f  R eclam ation p r o je c ts
— F e d e r a lly  co n stru c ted  w atershed and w ater and land programs
—  N a tio n a l parks and r e c r e a t io n  areas
— W ild, s c e n ic ,  r e c r e a t io n a l r iv e r s  and w ild e r n e ss  a rea s
— W etland and e s tu a r y  p r o je c ts  and c o a s t a l  zon es
— F ed era l w aterfow l re fu g es  
T en n essee  V a lley  A u th ority
F ed era l a s s is t a n c e  to  S ta te  and lo c a l  government sponsored w atershed  
and w ater  and land reso u rce  programs (W atershed P r o te c t io n  and 
Flood P rev en tio n  P r o je c ts  and R esource C on servation  and Development 
P r o j e c t s ) .
The Standards apply to  a l l  l e v e l s  o f  p la n n in g : framework s tu d ie s  and
a sse s sm e n ts , r e g io n a l and r iv e r  b a s in  p la n n in g , and im p lem en tation  s t u d ie s .  
For th o se  p r o je c t s  a lrea d y  au th o r ized  but unfunded, th e  head o f  th e  agency  
w i l l  determ ine which o f  them must be r e s tu d ie d  w ith  th e  in c lu s io n  o f th e se  
S tan d ard s. Those th a t are " s u b s ta n t ia l ly  reform u la ted "  to  in c lu d e  the  
en viron m en ta l q u a lity  o b je c t iv e  must be r e a u th o r iz e d . "Separable and in d e­
pendent e lem en ts  of a p r o je c t  or a system  a l s o  would be s u b je c t  to  rev iew  
p r io r  to  fu n d in g  for  co n str u c t io n ."
The com ponents d e f in e d  in  th e  Standards are the same ones m entioned  
b e fo r e  in  r e la t io n  to  the two o b j e c t iv e s .  More d e t a i l  i s  g iv en  a s  to  what 
sh ou ld  be co n sid ered  when m easuring or c a lc u la t in g  th e  b e n e f i c ia l  and 
a d v erse  e f f e c t s  o f  a w ater re so u r c e s  p r o j e c t .  In c lu d ed  a r e  expanded d e s c r ip ­
t io n s  o f  th e  NED and EQ o b j e c t iv e s  and measurement g u id e l in e s  fo r  th e
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components o f  the two o b j e c t i v e s .  The fo llo w in g  i s  an exam ple from th e  
EQ Standards:
Open and green  sp a ce : T hese a re  e s s e n t i a l l y  u n d eve lop ed , v i s u a l l y
a t t r a c t iv e  n a tu r a l a r e a s  s t r a t e g i c a l l y  lo c a te d  where most needed  
to  a m e lio r a te  in t e n s i f y in g  u r b a n iz a tio n  p a tte r n s .
a .  S iz e  and measure
1) T o ta l acreage (w oods, f i e l d s ,  meadows, e t c . )
2) P a ttern  and d is t r ib u t io n
3) J u x ta p o s it io n  t o  community and urban a rea s  ( e f f e c t  on 
urban spraw l)
b . A d e s c r ip t iv e - q u a l i t a t iv e  in t e r p r e t a t io n ,  in c lu d in g  an 
e v a lu a t io n  o f  th e  e f f e c t s  o f  a p lan  on th e  d e s ig n a te d  or 
a f f e c te d  open and g reen  sp ace
c . Improvements
1) A c c e s s ib i l i t y  (m ilea g e  o f  p u b lic  roads or t r a i l s  p ro v id ed ;  
easem ents)
2) P u b lic  a m e n it ie s  (p r o v is io n  fo r  lim ite d  f a c i l i t i e s ,  i f  
any)
3) Other ( s p e c i f y  and d e s c r ib e )
d . P r o te c t io n  and p r e s e r v a t io n
1) P h y s ic a l ( f i r e ,  b io e n v ir o n m e n ta l, e t c . )
2) L egal (d e d ic a t io n ,  ea sem en ts , i n s t i t u t i o n a l ,  e t c . )
3) S p e c ia l
The f u l l  t e x t s  are  in  A p p en d ices C and D.
P u b lic  P a r t ic ip a t io n
A lthough a p r o je c t  co u ld  be i n i t i a t e d  by e i th e r  th e  p u b lic  or an 
a gen cy , in c lu s io n  of th e  p u b lic  in  th e  p lan n in g  p r o c e s s  was n ever  r e a l l y  
p r a c t ic e d . P u b lic  h e a r in g s  were f o r m a l i t i e s  as fa r  a s  th e  agency d ev e lo p in g  
th e  p r o je c t  was con cern ed . T his has been an u n fo rtu n a te  a t t i t u d e  b eca u se  
in  th e  f i n a l  a n a ly s is  i t  i s  th e  p u b lic  who pays fo r  th e  p r o j e c t .  To a l l e v i a t e  
th e  s i t u a t io n  new methods o f  p u b lic  p a r t ic ip a t io n  have been in tr o d u c e d .
In the P r in c ip le s  and Standards p u b lic  p a r t ic ip a t io n  i s  in c lu d e d  in  th e  
s e c t io n  on p lan  fo rm u la tio n  and s t i p u l a t e s  th a t
D ir e c t  in p u t from th e  p u b lic  in v o lv e d  a t  th e  l o c a l  and r e g io n a l
l e v e l  i s  im portant and w i l l  be accom p lish ed  by:
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a .  S o l i c i t i n g  p u b lic  op in io n  e a r ly  in  th e  p la n n in g  p r o c e s s ,
b .  E ncouraging p e r io d ic  e x p r e ss io n  o f  th e  p u b l ic ' s  v iew s
o r a l ly ,  and reco rd in g  t h e ir  o p in io n s , and c o n s id e r in g  
them,
c .  H olding p u b lic  m eetin gs e a r ly  in  th e  co u rse  o f  p lann ing  
to  a d v ise  th e  p u b lic  of th e  nature and scop e o f  the
stu d y , open ing  l i n e s  o f com m unication, l i s t e n i n g  to  the
needs and v ie w s  o f the p u b lic  and id e n t i f y in g  in t e r e s t e d  
in d iv id u a ls  and a g e n c ie s ,  and
d . Making a v a i la b le  a l l  p la n s , r e p o r ts , d a ta  a n a ly s i s ,  
in t e r p r e t a t io n s ,  and o th er  in fo rm a tio n  fo r  p u b lic  
in s p e c t io n .
E f fo r t s  to  se c u r e  p u b lic  p a r t ic ip a t io n  sh o u ld  be pursued v ig o r o u s ly  
through a p p ro p r ia te  means of p u b lic  h e a r in g s , p u b lic  m e e tin g s , 
in fo rm a tio n  program s, c i t i z e n s  com m ittees , e t c .
I t  i s  a l s o  su g g e s te d  th a t  th e  p la n n in g  agency be c e r ta in  t o  c o n su lt  e n v ir o n ­
m ental i n t e r e s t  groups in  th e  p ro cess  o f  fo rm u la tin g  th e  en viron m en tal 
q u a lity  o b j e c t iv e .  When conçjonents a re  b e in g  i d e n t i f i e d  a "broad spectrum  
o f p u b lic  groups and i n t e r e s t s  must be co n s id e r e d  and co n su lted "  ( P r in c ip le s  
and S tan d ard s) .
The p u b lic  p a r t ic ip a t io n  asp ect o f  p la n n in g  i s  v ery  im portant i f  th e  
p la n n in g  agency h op es to  d evelop  and implement a w ater r e so u r c e s  p r o j e c t .  
There i s  a growing p u b lic  aw areness o f  p lan n in g  i s s u e s  which must be tap p ed , 
but g e t t in g  th a t "broad spectrum" to  a tten d  p u b lic  h e a r in g s  i s  another  
m a tter .
The g e n e r a l c i t i z e n  does not freq u en t p u b lic  h e a r in g s  u n le s s  he has  
been inform ed th a t th e  i s s u e  in  q u e s t io n  d i r e c t l y  a f f e c t s  him . I t  i s  th e  
in fo rm a tio n  p r o c e s s  th a t  i s  im p o rta n t, but even what seem , l i k e  l o g i c a l  
methods o f com m unication f a i l  to  a c h ie v e  t h e ir  p u rp o se . Many p lan n in g  
o r g a n iz a t io n s  have t r i e d  m eetin gs a t  th e  neighborhood l e v e l  t o  inform  and 
arou se  in t e r e s t  and had v ery  poor a tte n d a n c e . However, i f  th e  o p in io n  
le a d e r s  are in form ed , i t  i s  p o s s ib le  th a t  word w i l l  sp read  by one to
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one c o n ta c t  among r e s id e n t s  in  th e  n eigh b orh ood . The same i s  tru e  o f work­
shops and community o r g a n iz a t io n s  such a s  th e  L ions Club, R otary C lub,
League o f  Women V o te r s , o th er  women's c lu b s  and s e r v ic e  o r g a n iz a t io n s .  
In form ation  sp read s by word o f mouth so  th a t  rea ch in g  a few p eo p le  le a d s  
to  many more b e in g  in form ed . I t  i s  im p ortan t to  have good media coverage  
so th a t f a c t s ,  r a th er  than rum ors, are sp r e a d , and to  have an in form ation  
o f f i c e r  e a s i l y  a c c e s s ib le  to  answ er q u e s t io n s  and c le a r  up a m b ig u it ie s  
during th e  e n t ir e  p la n n in g  p r o c e s s .
Communicating in fo rm a tio n  p e r ta in in g  to  the p lan  to  th e  p u b lic  in  a 
com p reh en sib le  form at i s  very im p o rta n t, e s p e c ia l ly  w ith  th e  cu rren t n e c e s s i t y  
fo r  the p r e s e n ta t io n  o f  s e v e r a l  p la n s . The e lem en ts  o f  each plan must be 
c le a r ly  d e f in e d  and e x p la in e d . The requ irem ent fo r  th e  developm ent o f  
o b j e c t iv e s  and a cco u n ts  fo r  each  p la n  and a method fo r  d is p la y in g  t h e s e ,  
l ik e  the s o r t  c h a r ts  in  th e  C oarse S o rt System , f a c i l i t a t e s  th e  com m unication  
of p lan  e lem en ts  to  th e  p u b lic .
The purpose o f a good p u b lic  p a r t ic ip a t io n  program i s  to  a llo w  th e
c i t i z e n r y  to  have d ir e c t  in p u t in t o  th e  p la n n in g  p r o c e s s . The methods 
m entioned above w hich in v o lv e  th e  p la n n ers  a tte n d in g  p u b lic  m eetin g s i s
o n ly  one way o f  acco m p lish in g  t h i s  in p u t . The o th e r  method i s  to  have
permanent c i t i z e n s  a d v iso r y  groups or boards a p p o in ted  to  rev iew  and have 
in p u t in t o  each  s te p  o f  the p la n n in g  p r o c e s s .  T hese s te p s  in c lu d e  " the  
e s ta b lish m e n t  o f g o a l s ,  d e s ig n  o f  a l t e r n a t iv e s ,  im pact a sse ssm e n t,  
a ccep ta n ce  o f  a f i n a l  p la n  and p la n  r e v is io n s "  (a  communique from th e  
E nvironm ental P r o te c t io n  Agency on 208 P la n n in g ) . T his may slow  down 
th e  p la n n in g  p ro cess  somewhat, but i t  d oes g iv e  th e  p la n n ers a b e t t e r  
id ea  o f p u b lic  se n tim e n t.
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Land Use and Water Q uality
Included  in  th e  f u l l  t i t l e  o f  th e  P r in c ip le s  and Standards i s  th e  
ph rase " for  P lan n in g  Water and R e la ted  Land R esources."  T h is term in o logy  
r e f e r s  to  th e  f a c t  th a t w ater q u a l i ty  and land u se  are m u tu a lly  dependent 
on each  o th e r . The w ater we u s e ,  w hether i t  comes from ground or su r fa c e  
w ater so u r c e s , runs over or through land  a t some p o in t u n le s s  i t  p r e c ip i t a t e s  
d ir e c t ly  in to  a r e s e r v o ir .  As i t  runs over or through th e  la n d , i t  can be 
a f f e c t e d  or degraded by th e  v a r io u s  c o n s t itu e n ts  on th a t  la n d . P e s t i c i d e s ,  
manure, f e r t i l i z e r ,  and d eca y in g  o rg a n ic  matter are a few o f  th e  many 
contam inants which e f f e c t  w ater  q u a l i t y .  Some w ater i s  so  degraded i t  
cannot be u sed , o th er  s u p p lie s  must go through a  c o s t ly  trea tm en t p r o c e ss  
b e fo r e  they  are  u sa b le .
The p ro cess  a l s o  works in  r e v e r s e .  Water can damage la n d . F lood s  
d e s tr o y  homes, wash away cro p s and t o p s o i l ,  k i l l  g ra z in g  a n im a ls , and 
in u n d ate roads and b r id g e s .  P e r io d ic  flo o d in g  d is tu r b s  e c o lo g ic a l  com m unities. 
There i s ,  th e r e fo r e , much in t e r a c t io n  between w ater and la n d .
Land use c o n s id e r a t io n s  are  in c lu d ed  in  th e  w ater re so u rce  p lan n in g  
p r o c e ss  in  order to  m it ig a te  both  th e  e f f e c t s  o f  land use on w ater  q u a lity  
and th e  e f f e c t s  o f  w ater on land  u s e .  I t  makes l i t t l e  s e n se  to  b u ild  a 
r e s e r v o ir  i f  i t  w i l l  be f i l l e d  w ith  s i l t  in  a r e l a t i v e l y  sh o r t  t im e , or i f  
i t  w i l l  be to o  eu tr o p h ic  to  o b ta in  good q u a lity  w ater from i t ,  or to o  h igh  
in  f e c a l  c o lifo r m s  to  be u sed  fo r  r e c r e a t io n a l p u rp o ses. On th e  o th e r  hand, 
b u ild in g  homes and o th e r  s t r u c t u r e s  in  f lo o d  prone a rea s i s  n o t a good 
p r a c t ic e .  Proper u se  o f  f lo o d  p la in s  would r e s u lt  in  g r e a t ly  reduced f lo o d  
dam ages.
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W a t e r  t h a t  i s  d e g r a d e d  i s  r e f e r r e d  t o  a s  " p o l l u t e d . ” T h e r e  a r e  two 
g e n e r a l  s o u r c e s  o f  w a t e r  p o l l u t i o n ,  p o i n t  s o u r c e  an d  n o n - p o i n t  s o u r c e .
P o i n t  s o u r c e  p o l l u t i o n  i s  t h a t  w h ic h  can  be p i n - p o i n t e d , l i k e  a  se w e r  p i p e .  
T ha t  w h i c h  c a n n o t  be p i n p o i n t e d ,  l i k e  u r b a n  r u n o f f  o r  r u n o f f  f r o m  a  p a s t u r e ,  
i s  c a l l e d  a n o n - p o i n t  s o u r c e .
T h e r e  a r e  many p a r a m e t e r s  w hic h  mus t  be t a k e n  i n t o  a c c o u n t  when an a r e a  
i s  a s s e s s e d  f o r  a  w a t e r  r e s o u r c e s  p r o j e c t .  A d e s c r i p t i o n  o f  s e v e r a l  o f  them 
f o 1 l o w s .
S e d im e n t  i s  t h e  mo s t  s i g n i f i c a n t  p o l l u t e r  o f  s t r e a m s .  D e p o s i t i o n  o f  
s e d i m e n t  c a u s e s  p h y s i c a l  damage su c h  a s  t h e  r e d u c t i o n  o f  s t o r a g e  c a p a c i t y  
in a r e s e r v o i r ,  t h e  f i l l i n g  o f  c h a n n e l s ,  i n c r e a s e d  t u r b i d i t y ,  i n c r e a s e  f l o o d  
f r e q u e n c y  and damage t o  a q u a t i c  and  t e r r e s t r i a l  o r g a n i s m s .
When a s s e s s i n g  t h e  c h a r a c t e r i s t i c s  of  a  w a t e r s h e d  f o r  d e v e l o p m e n t  o f  
a s u r f a c e  w a t e r  p r o j e c t ,  t h e  e x p e c t e d  e r o s i o n  o f  s o i l  i s  an  i m p o r t a n t  
d e t e r m i n a n t  s i n c e  some s o i l s  e r o d e  more e a s i l y  t h a n  o t h e r s .  I f  b o t h  t h e  
e x p e c t e d  e r o s i o n  and  t h e  a c t u a l  amount  o f  e r o s i o n  a r e  m e a s u r e d ,  i t  i s  
p o s s i b l e  t o  a s s e s s  w h e t h e r  good  l a n d  u s e  p r a c t i c e s  a r e  b e i n g  u s e d .  I f  t h e  
s o i l  i s  n o t  s u b j e c t  t o  s e v e r e  e r o s i o n  y e t  t h e r e  i s  a  l a r g e  amount  o f  s e d i m e n t
in t h e  s t r e a m ,  t h e n  p o o r  l a n d  management  i s  in  p r a c t i c e .  T h i s  may h av e  t o
he c o r r e c t e d  b e f o r e  a p r o j e c t  i s  c o n s t r u c t e d .
M i n e r a l s  p o l l u t e  s t r e a m s  i n  t h r e e  w a y s ,  a s  m in e  d r a i n a g e ,  s a l i n i t y ,  and
heavy  m e t a l s .  The m os t  s e r i o u s  p o l l u t a n t  a r i s i n g  f ro m  m i n i n g  a c t i v i t i e s  i s  
t h e  mine d r a i n a g e  g e n e r a t e d  by o x i d a t i o n  o f  p y r i t i c  m a t e r i a l s  w i t h  a i r  i n  
t h e  p r e s e n c e  o f  w a t e r .  T h i s  d r a i n a g e  i s  a n  a c i d i c  m i x t u r e  o f  i r o n  s a l t s .
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o th er  s a l t s  and s u l f u r ic  a c id . Mine d ra in age a r i s e s  from both  underground  
and su r fa ce  m ining s o u r c e s , and from c o a l and many m eta l m in ing o p e r a t io n s .  
Coal d e p o s it s  and hard rock m in era l d e p o s it s  are  commonly a s s o c ia te d  w ith  
p y r it e  and m a r c a s ite , which are d i s u l f id e s  o f  ir o n . A cid  mine dra in age can 
f in d  i t s  way in to  su r fa c e  w a te r s , where th e  a c id  and s u l f a t e  may r e s u l t  in  
se v e r e  d e te r io r a t io n  in  stream  q u a l i t y .  The a c id  can r e a c t  w ith  c la y s  to  
y ie ld  aluminum c o n c e n tr a tio n s  s u f f i c i e n t  fo r  f i s h  k i l l s  and w ith  lim esto n e  
to  y ie ld  v e r y  hard w a ters  e x p e n s iv e  to  s o f t e n .  The a c id  can a ls o  s e l e c t i v e l y  
e x tr a c t  hea'/y m eta ls  p r e se n t  in  tr a c e  q u a n t i t ie s  in  m in era l and s o i l  form a­
t io n s  r e s u l t in g  in  t o x ic  c o n d it io n s  in  la k e s  and s tr e a m s.
Mining r e fu s e , w aste m a te r ia ls  l e f t  near th e  m ining s i t e  a f t e r  raw
m in era ls have been c lea n ed  or c o n c e n tr a te d , i s  an o th er  so u r c e  o f  p o l lu t io n .  
Much of t h i s  r e fu se  c o n ta in s  p y r i t i c  m a te r ia l which can be o x id iz e d  to
a c id ic  s u b s ta n c e s . The r e s u lta n t  a c id  w ater may remain in  th e  p i l e  u n t i l
a rainstorm  a t  which tim e i t  i s  f lu sh e d  in t o  nearby w a te r c o u r se s . Mine 
drainage " s lu g s"  during storm s are d e tr im en ta l to  a q u a tic  l i f e  in su r fa c e  
w a ters .
M ining o p e r a tio n s  a l s o  g e n e r a te  w a s te s , commonly c a l l e d  s p o i l ,  in  th e  
form of d is tu r b e d  rock and s o i l .  I f  t h i s  s p o i l  i s  l e f t  in  p i l e s ,  e r o s io n  
and ru n off w i l l  carry sedim ent in to  strea m s. T his sed im ent i s  cap ab le o f  
d e str o y in g  l i f e  in  s trea m s, r e s u l t s  in  d ecrea sed  c a p a c ity  o f  stream s and 
r e s e r v o ir s ,  and d e s tr o y s  f i s h  and w i l d l i f e  h a b i t a t s .
The e v a lu a t io n  o f th e  mine d ra in age in  th e  w atersh ed  sh ou ld  in c lu d e  
w ater q u a lity  d a ta  as w e l l  as i d e n t i f i c a t i o n  o f area s o f  m in ing a c t i v i t i e s .  
The param eter e s t im a te  i s  determ ined  from th e  p r e se n t  and fu tu r e  u ses  o f  th e  
m in es. Abandoned m ines can c o n tr ib u te  a s  many p o l lu t a n t s  a s  o p e r a tin g  m ines
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and th e r e fo r e  need to  be i d e n t i f i e d .  W atersheds which c o n ta in  g e o lo g ic  
form ation s where fu tu r e  m ining i s  l i k e l y  sh o u ld  be i d e n t i f i e d  and con sid ered
in  th e  p la n n in g  p r o c e ss  a s  w e l l .
S a l in i t y  i s  a m easure o f  th e  s a l t  c o n te n t  o f  w a te r . S a l t s  and m in era ls
are d is s o lv e d  in  w ater when p r e c ip i t a t io n  rea ch es  th e  ea r th  and flo w s over  
th e  la n d . Every body o f  w ater flo w s ov er  ro ck s and through s o i l .  The w ater  
d i s s o lv e s  c e r ta in  m in e r a ls  and s a l t s  out o f  th e  s o i l  and c a r r ie s  them in to  
strea m s. The co m p o sitio n  o f each s tr e a m 's  s a l t s  corresp on d s to  th e  type of 
g e o lo g ic  form ation  in  th e  w atersh ed .
P la n ts  and an im als are  adapted  to  th e  normal s a l i n i t y  in  the w aters o f  
th e ir  r e g io n . S in ce  th e  e c o lo g ic a l  sy s te m s o f  w ater r e so u r c e s  are c lo s e ly  
lin k ed  t o  a q u a tic  b io t a ,  a change in  th e  c o n c e n tr a t io n s  o f  s a l t s  can have 
s e r io u s  con seq u en ces. An in c r e a s e  or d e c r e a se  in  th e  t o t a l  s a l i n i t y  can 
up set norm al c e l l  fu n c t io n s .  I n c r e a s e s  in  s a l i n i t y  c o n c e n tr a t io n s  have been  
d ir e c t ly  c o r r e la te d  to  d e c r e a se s  in  th e  p la n t  and an im al s p e c ie s  in  the 
e c o lo g ic a l  system  in v o lv e d  (McCaull and C ro ss la n d , 1 9 7 4 ).
High c h l o r i d e  c o n c e n tr a t io n s  have s e v e r a l  s o u r c e s . Urban ru n o ff  
c o n ta in in g  s a l t s  used in  highway d e - ic in g  has been found to  c o n ta in  as much 
as 1300 mg/1 o f  c h lo r id e  (E PA ,1971). Poor land c o n se r v a tio n  p r a c t ic e s  
c o n tr ib u te  c h lo r id e s  from th e s o i l  th a t  a r e  tr a n sp o r te d  in  th e  p r o c e ss  o f  
e r o s io n .  The impounding of stream s o f t e n  r e s u l t s  in  a h ig h er  co n cen tra tio n  
of s a l t s  than was p r e se n t p r io r  to  c o n s tr u c t in g  th e  impoundment. When 
w ater ev a p o ra te s  from th e su r fa c e  o f a body o f  w a te r , th e  s a l t s  and m in era ls  
p r e se n t  in the l iq u id  rem ain. T his in c r e a s e s  th e  s a l i n i t y  o f  th e  rem aining  
w a ter . In se m i-a r id  and a r id  c l im a te s  th e  r a te  o f  ev a p o r a tio n  i s  rapid  enough 
th a t s a l t  c o n c e n tr a tio n s  in  la k e s  o f  o v er  1 ,0 0 0  mg/1 are  n o t uncommon (Bureau 
o f R eclam ation , 1 9 7 1 ).
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I r r ig a t io n  retu rn  flo w s  a re  another major so u rce  o f  c h lo r id e s  in  w ater. 
I r r ig a t io n  w a ter  ru n o ff c o n ta in s  a h igh  co n c e n tr a tio n  o f  s a l t s  and m in era ls  
p ick ed  up from th e s o i l .  I f  th e  ir r ig a t io n  w ater i s  s to r e d  in  an impound­
m ent, th e  s a l i n i t y  c o n c e n tr a t io n s  th a t may p r e v io u s ly  have been h ig h  due to 
ev a p o ra tio n  w i l l  be g r e a te r  a f t e r  th e  w a ter  i s  a p p lie d  to  th e  cr o p s .
The heavy m eta ls  a l s o  a r e  a  s ig n i f i c a n t  so u rce  of p o l lu t io n .  Heavy 
m e ta ls , in c lu d in g  m ercury, l e a d ,  z in c , s i l v e r ,  cadmium, a r s e n ic ,  cop p er , 
iro n  and aluminum, are not uncommon in  w ater s u p p l ie s .
Heavy m e ta ls  occur n a t u r a l ly  in  th e  environm ent a s  p art o f  th e  e a r th 's  
c r u s t .  The c o n c e n tr a t io n  o f  heavy m eta ls  from th e  e a r th  u s u a lly  d oes not 
reach a l e v e l  in  w ater th a t  w ould be t o x i c .  Many i n d u s t r ia l  p r o c e s s e s  
produce p o l lu t a n t s  c o n ta in in g  heavy m e ta ls  in  v a r io u s  form s w hich , in  la rg e  
enough c o n c e n tr a t io n s , can be t o x ic  to  w i l d l i f e ,  m icro -o rg a n ism s, v e g e ta t io n  
and humans. T hese m e ta ls  can become co n cen tra ted  in  th e  food  ch a in  and pose  
hazards to  h ig h e r  l i f e  form s.
In form ation  about th e  tr a n sp o r t  o f heavy m e ta ls  in  ru n off i s  l im ite d  
at p resen t and m easurem ents o f  them were not u s u a lly  ta k en . They are  
im portant b eca u se  they cau se  t o x i c i t y  and a ttem p ts sh o u ld  be made to  determ ine  
t h e ir  c o n c e n tr a t io n s  e s p e c i a l l y  i f  th e r e  i s  urban r u n o ff  and in d u s t r ia l  
p o l lu t io n  in v o lv e d .
The ov er-en r ich m en t o f  stream s and la k e s  i s  a r e s u l t  o f  h igh  c o n c e n tr a t io n s  
of n u tr ie n ts  w hich e n te r  th e  h y d r o lo g ie  c y c le  o f  a w a tersh ed . These n u tr ie n ts  
a c c e le r a te  th e  r a te  o f n a tu r a l ag in g  o f la k e s  c r e a t in g  e u tr o p h ic  c o n d it io n s .  
Lakes are c o n s id ered  to  be e u tr o p h ic  when b io lo g ic a l  growth i s  h ig h , a lg a l  
blooms appear fr e q u e n t ly ,  and th e  w ater c o n ta in s  la r g e  amounts o f  o rg a n ic  
m a tter  and becom es tu r b id . W atersheds w hich c o n ta in  h ig h  c o n c e n tr a t io n s  of
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n u t r i e n t s  i n  t h e  r u n o f f  a r e  n o t  s u i t a b l e  f o r  w a t e r  r e s o u r c e  d e v e l o p m e n t s  
which  impound a s t r e a m  b e c a u s e  t h e  l i f e  o f  t h e  d e v e l o p m e n t  w i l l  b e  s h o r t e n e d  
by e u t r o p h i c a t i o n .  E u t r o p h i c a t i o n  i s  i n d i c a t e d  by i n c r e a s e s  i n  n i t r o g e n  
and p h o s p h o r u s  and  d e c r e a s e s  i n  d i s s o l v e d  o x y g e n .  N u t r i e n t s  c a n  come f rom 
t h e  n a t u r a l  r e l e a s e  o f  m i n e r a l s  f ro m  s o i l  and r o c k s ,  an d  f rom o t h e r  s o u r c e s .  
Bo th  u r b a n  an d  n o n - u r b a n  r u n o f f  c o n t a i n  h i g h  l e v e l s  o f  n u t r i e n t s  u n d e r  
c e r t a i n  c o n d i t i o n s .  U rb a n  s o u r c e s  o f  n u t r i e n t s  i n c l u d e  s t r e e t  l i t t e r ,  
p e t r o l e u m  p r o d u c t s ,  c h e m i c a l s  f ro m i n d u s t r i a l  r u n o f f ,  f e r t i l i z e r s ,  an d  
d o m e s t i c  s e w e r a g e  s y s t e m s .  A g r i c u l t u r a l  and f o r e s t e d  l a n d  ca n  c o n t r i b u t e  
l a r g e  a m o u n t s  o f  n u t r i e n t s  f ro m f e r t i l i z e r s  an d  p o o r  s o i l  c o n s e r v a t i o n  
p r a c t i c e s  w h i c h  a l l o w  e x c e s s i v e  n u t r i e n t s  t o  be l e a c h e d  f rom t h e  s o i l .
Animal  w a s t e s  f rom f e e d l o t s  a n d  r a n g e l a n d  a r e  s i g n i f i c a n t  c o n t r i b u t o r s  o f  
n u t r i e n t s  (EPA, 1 9 7 3 a ).
P e s t ic id e s  are a n o th er  so u rce  o f  p o l lu t io n .  S in ce  p e s t i c id e s  are  
d esign ed  to  be le t h a l  to  c e r t a in  o rgan ism s, g r e a t  concern i s  arou sed  when 
high c o n c e n tr a tio n s  a re  found in  w a ter . Almost one b i l l i o n  pounds o f  
p e s t ic id e s  were a p p lie d  to  land in  th e  U nited  S ta te s  d uring  1970 . Of t h e s e ,  
sev en ty  p ercen t were used  in  a g r ic u ltu r e  (EPA, 1973a).
The d a n g e r  f rom p e s t i c i d e s  i s  p r i m a r i l y  due  t o  t h e i r  a b i l i t y  t o  p e r s i s t  
in t h e  a q u a t i c  e n v i r o n m e n t  w h e r e  f i s h  an d  o t h e r  food  s o u r c e s  a c c u m u l a t e  them.  
The ban by t h e  U n i t e d  S t a t e s  g o v e r n m e n t  on p e r s i s t e n t  c h e m i c a l s  s u c h  a s  DDT 
e m p h a s i z e s  t h e  c o n c e r n  a b o u t  t h e  a c c u m u l a t i o n  o f  p e s t i c i d e s  i n  t h e  e n v i r o n m e n t .  
Tiie t r a n s p o r t a t i o n  o f  p e s t i c i d e s  f ro m  l a n d  i n t o  w a t e r w a y s  i s  a  c o m p le x  p r o c e s s  
i n v o l v i n g  f a c t o r s  s u c h  a s  t h e  p h y s i c a l  an d  c h e m i c a l  p r o p e r t i e s  o f  t o x i c a n t s ,  
t h e  r a t e  a n d  t y p e  o f  a p p l i c a t i o n ,  t o p o g r a p h y  o f  t h e  r e c e i v i n g  l a n d ,  c l i m a t e ,  
and t h e  d i s t a n c e  b e t w e e n  t h e  a p p l i c a t i o n  s i t e  and  t h e  w a t e r  r e s o u r c e .
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A n a ly ses  of th e  p o t e n t ia l  p o l lu t io n  from p e s t ic id e s  i s  e s s e n t ia l  fo r  
d eterm in in g  the s u i t a b i l i t y  o f  a w atershed  fo r  developm ent o f  a w ater  
re so u r c e s  p r o je c t .  Any s tr u c tu r e  d esig n ed  to  r e ta rd  or impound a stream  
can ca u se  c o n c e n tr a tio n s  o f  p e s t i c id e s  to  form in  t o x ic  q u a n t i t i e s .  An 
a ssessm en t of th e  environm ental q u a l ity  o f  a w ater r e so u r c e s  p r o je c t  
r e q u ir e s  a thorough e v a lu a t io n  o f  p r e se n t  and p o t e n t ia l  so u rces  o f  p e s t i ­
c id e s  .
Thermal p o l lu t io n  o f w ater can r e s u l t  from two ty p es  o f  a c t io n s ,  
p o in t sou rce  d isc h a r g e s  o f  w ater a t tem p eratu res d i f f e r e n t  from th e  r e c e iv ­
in g  w a te r , and m o d if ic a t io n  o f th e  environm ent which a l t e r s  the tem perature  
of a body o f w a te r . R eg a rd less  o f th e  s o u r c e , th e  im pact o f  therm al p o l lu ­
ta n t s  can be d e v a s ta t in g .
P o in t so u rce  d isc h a r g e s  o f w ater a t  a s i g n i f i c a n t l y  d i f f e r e n t  tem pera­
tu re  from the r e c e iv in g  body o f w ater cause changes in  e c o lo g ic a l  sy s te m s.
The s e v e r i t y  o f  th e  change in  tem perature combined w ith  th e  volum e, freq u en cy , 
and r a te  o f  th e  d isch a rg e  determ ine th e  im pact upon each in d iv id u a l eco sy stem . 
R ecent laws con cern in g  w ater q u a lity  have req u ired  th a t  p o l lu t in g  p o in t  so u rces  
be c o n tr o l le d  which w i l l  le s s e n  the im pact c o n s id e r a b ly .
The second type o f  therm al p o l lu t io n  p r e s e n ts  a more d i f f i c u l t  problem .
The tem perature o f  a g iv en  body o f w ater may f lu c t u a t e  g r e a t ly  d uring  the  
year w ith  no harm to the e c o lo g ic a l  sy stem . Each component o f th e  e c o lo g ic a l  
community i s  adapted to  th e  normal s e a s o n a l  v a r ia t io n  in  tem p eratu re . Man 
can m odify  t h i s  n a tu r a l tem perature c y c le  in  numerous w ays. Removal o f  
v e g e ta t io n  which shades th e  w a ter , im pounding s trea m s, d iv e r s io n  o f  snow m elt, 
and a l t e r a t io n s  o f  th e  stream  ch an n el a l l  m odify th e  tem perature o f  a body 
o f  w a ter  enough to  cause w idespread  change in  th e  e c o lo g ic a l  sy s te m s.
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Measurement o f  therm al p o l lu t io n  fo r  th e  w a ter  q u a l i ty  e v a lu a t io n  sh ou ld  
in c lu d e  th e  e f f e c t s  o f  p r e s e n t ly  e x i s t in g  s o u r c e s  as w e l l  a s  p o t e n t ia l  s o u r c e s .  
Components o f  the a l t e r n a t iv e  p r o je c t s  sh ou ld  be c l o s e l y  e v a l u a t e d  t o  
determ in e th e  e f f e c t  th ey  m ight have on th e  tem p eratu re o f  the w ater r e so u r c e .  
A d d it io n a l ly ,  the to le r a n c e  ran ges o f  th e  b i o t i c  community shou ld  be id e n t i ­
f i e d  and compared to  th e  p r e d ic te d  therm al l e v e l s  to  a s s e s s  th e  impact o f  
th e  proposed a c t io n  on the w a te r sh e d 's  e c o lo g ic a l  system .
The B e n e f ic ia l  and A dverse E nvironm ental E f f e c t s  o f  a R eserv o ir
A lthough th ere  are s e v e r a l  d i f f e r e n t  k in d s  o f  w ater re so u r c e  p r o je c t s ,  
a thorough d e s c r ip t io n  o f  th e  en v iron m en ta l e f f e c t s  o f  a l l  o f them i s  
beyond th e  scope o f  t h i s  s tu d y . The g e n e r a l d i s c u s s io n  on a r e s e r v o ir ,  
which f o l lo w s ,  i s  in c lu d ed  b ecau se  th e  C oarse S o r t System  i s  t e s t e d  on a 
r e s e r v o ir  p r o je c t  in  Chapter Three. T h is i s  u s e f u l  background in form ation  
fo r  th e  t e s t .
When a r e s e r v o ir  i s  th e  major e lem en t o f  a w ater r e so u r c e s  p r o j e c t ,  
th ere  are s e v e r a l en v iron m en ta l c o n seq u en ces . Some o f  them are  b e n e f i c i a l ,  
some a d v e r se . There are e f f e c t s  on both  th e  e c o lo g y  and th e  w ater  q u a lity  
o f the area  in c lu d ed  in  th e  p r o j e c t .
Among th e  e c o lo g ic a l  f a c t o r s  are  th e  l o s s  o f  t e r r e s t r i a l  h a b ita t s  
due to  in u n d a tio n , th e  c r e a t io n  o f  a q u a t ic  h a b it a t s  a s  a r e s u l t  o f  in u n d a tio n ,  
an in c r e a s e  in  th e  lan d -w a ter  in t e r f a c e  a rea  upstream  from th e  dam, th e  
c r e a t io n  o f a drawdown zone (Warner, e t .  a l . ,  1974) and a change in  the  
eco sy stem  downstream.
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When water i s  impounded in  a r e s e r v o ir ,  i t s  q u a l i t y  i s  a f f e c t e d .  
Impoundment c a u se s :  th erm al s t r a t i f i c a t i o n ;  a l o s s  o f  sed im en t; r ed u ctio n
in  t u r b id ity ;  th e  o x id a t io n  o f organ ic  m a te r ia l but s lo w e r  r e a e r a t io n  
due t o  a l e s s e r  m ix in g  e f f e c t ;  th e  c o n c e n tr a tio n  o f  in o r g a n ic s ;  a lg a l  
bloom; and la c k  o f  bottom  sco u r  in  th e  impoundment, but a p o s s ib le  in c r e a s e  
downstream.
Land use i s  a s s o c ia te d  w ith  both  th e  e c o lo g ic a l  and w ater q u a lity  
f a c t o r s .  I t  d e term in es th e  ty p es  o f  f l o r a  and fauna a f f e c t e d  by th e  
r e s e r v o ir s  and th e  w a ter  q u a l i t y  problem s which can be a n t ic ip a te d  from 
th e  r u n o ff . I f  th e  land  around the p r o je c t  i s  s t i l l  w i ld ,  then  the number 
o f  h a b ita t s  d e str o y e d  w i l l  be much g r e a te r  than i f  i t  were u rb an ized . The 
d e s tr u c t io n  o f t e r r e s t r i a l  h a b it a t s  p u ts p r e ssu r e  on th e  ca rry in g  c a p a c ity  
o f  o th er  t e r r e s t r i a l  h a b i t a t s  to  in c o rp o ra te  th e  d is p la c e d  s p e c ie s .  I t  i s  
p o s s ib le  fo r  an im als to  a ttem p t to  f in d  a n o th er  p la c e  to  l i v e ,  but very  
d i f f i c u l t  fo r  e s t a b l i s h e d  f l o r a .
The r e s e r v o ir  d e s tr o y s  t e r r e s t r i a l  h a b ita t  by in u n d a tin g  i t ,  and 
s im u lta n e o u s ly  c r e a t e s  a la r g e  a q u a tic  en v iron m en t. As th e  q u a n tity  o f  
w ater in the r e s e r v o ir  f l u c t u a t e s ,  a drawdown zone i s  c r e a te d . T his i s  
th e  term fo r  t e r r e s t r i a l  h a b ita t  th a t i s  p e r io d ic a l ly  in u n d a ted . Some 
s p e c ie s  o f  f lo r a  can t o l e r a t e  in te r m it te n t  in u n d a tio n  u n le s s  th ere  i s  
heavy s i l t a t i o n  which sm others th e  r o o ts .  T h e r e fo r e , i t  i s  p o s s ib le  to  
have some v e g e ta t io n  in  th e  drawdown zone and th u s some u se  o f  the area  
by an im als fo r  fo o d . The r e s t  o f the t e r r e s t r i a l  h a b ita t  cannot be 
d e sc r ib e d  by g e n e r a l i z a t io n s .  I t  has to  be e v a lu a te d  and m onitored fo r  
each sep a ra te  r e s e r v o ir  p r o j e c t .
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The a q u a tic  environm ent i s  crea ted  by th e  la k e  or r e s e r v o ir  which  
forms on th e  upstream  s id e  o f th e  dam. The stream  ecosystem  which 
preceded the la k e  i s  d i f f e r e n t  from th e la k e ' s  eco sy stem . There i s  
more s p e c ie s  d iv e r s i t y  in  a stream  per u n it  area due to  th e  many m icro­
h a b ita t s  a v a i la b le .  Stream s have a more h e te r o tr o p h ic  typ e o f  community 
m etabolism  and a more open food web, depending on a c o n t in u a l in p u t of 
organ ic  m a te r ia l from o u ts id e  th e  stream  i t s e l f .  The change in  en v iro n ­
ment w i l l  cause some s p e c ie s  to  be l o s t  and o th e r s  g a in ed .
Damming a stream  ca u ses changes in  th e  flo w  regim en downstream from 
the dam. These changes a l s o  cannot be g e n e r a liz e d  but must be ev a lu a te d  
fo r  each in d iv id u a l c a s e .  T h e o r e t ic a l ly ,  i t  sh ou ld  be p o s s ib le  to  a ssu re  
a stea d y  minimum flow  downstream to  r e l i e v e  low or  no flow  c o n d it io n s  
by d isc h a r g in g  w ater from th e dam. However, i t  i s  p o s s ib le  th a t extrem e  
drought c o n d it io n s  may cau se a drop in  th e  l e v e l  o f  th e  c o n se r v a tio n  
pool in th e  r e s e r v o ir  which m ight p rec lu d e  any r e le a s e s  downstream. Even 
i f  minimum c o n d it io n s  cou ld  be m a in ta in e d , changes would be found in  the  
downstream eco sy stem . I f  th e  a r e a  i s  used fo r  m ig r a tio n  or spawning or  
i s  u t i l i z e d  by rare or endangered s p e c i e s ,  th e  dam w i l l  have a d e f i n i t e  
en viron m en tal e f f e c t  on the stream .
Another downstream e f f e c t  c r e a te d  by impoundment i s  a lo s s  of 
sed im en ts and n u t r ie n t s .  Water which f lo w s  o v er la n d  b e fo r e  i t  r ea ch es  a 
stream  p ic k s  up s o i l  p a r t i c l e s ,  p la n t  r e s id u e s ,  manure, and n u tr ie n t s  
which i t  tr a n sp o r ts  from the t e r r e s t r i a l  to  th e  a q u a t ic  en v iron m en t. As 
th e se  e n te r  in to  th e  stream  f lo w  th ey  p rov id e a p o r tio n  o f the " in p u t  
energy" needed by the strea m 's  eco sy stem  and the stream  a ls o  d e l iv e r s  them
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to  downstream t e r r e s t r i a l  h a b i t a t s .  The r e s e r v o ir  a c t s  a s  a "sink" fo r  
th e  sed im en ts  and n u t r i t iv e  m a te r ia l and le s s e n s  the s trea m 's  c o n tr ib u t io n s  
o f  th e se  n e c e ssa r y  item s to  th e  downstream h a b ita t s  (Warner, e t .  a l . ,
1 9 7 4 ) . Impoundments, th e n , have a d e f i n i t e  a f f e c t  on w ater q u a l i t y .  Not 
o n ly  do th ey  low er th e  c o n te n t o f  sed im en t and n u t r i t iv e  m a t e r ia ls ,  but th ey  
a ls o  ca u se  o th e r  a l t e r a t io n s  in  th e  norm al c o n d it io n s  o f  a stream .
A la r g e ,  f a i r l y  deep r e s e r v o ir  ten d s to  s t r a t i f y  th erm ally  d u rin g  th e  
summer, w ith  warm w ater on top and c o ld  w a ter  on the bottom . I f  t h i s  co n d i­
t io n  has n ot been taken in to  accou n t in  th e  d es ig n  o f  th e  dam, o n ly  v ery  
warm or v ery  c o ld  w ater may be r e le a s e d .  T h is  a f f e c t s  c e r ta in  s p e c ie s  o f  
f i s h ,  some o f  w hich have an in to le r a n c e  to  tem perature ex trem es. Large 
r e s e r v o ir s  a l s o  cause a c o n c e n tr a tio n  o f  p o l lu ta n t s  a s  a r e s u l t  o f  s u r fa c e  
ev a p o ra ti on .
The upper la y e r  o f  a r e s e r v o ir ,  a lth o u g h  warmer, rem ains s u b je c t  to  
r e a e r a t io n  and m ixing g iv in g  i t  an o p p o r tu n ity  to  a s s im ila t e  o r g a n ic  w a s te s .  
The bottom  la y e r ,  b e in g  c o ld  and s ta g n a n t , lo s e s  t h i s  p r o p e r ty . The r e s u l t  
i s  a low er c o n c e n tr a tio n  o f  d is s o lv e d  oxygen  and a h a b ita t  on ly  fo r  th o se  
s p e c ie s  w hich can t o lo r a t e  low oxygen l e v e l s .  There i s  a ls o  an a f f e c t  on 
th e  ch em istry  o f  th e  sed im ent and c o n se q u e n tly  on th e  c y c lin g  o f  in o r g a n ic  
m a t e r ia ls ,  b io lo g ic a l  growth and n u tr ie n t  r e l e a s e s .  T h is  may le a d  to  
e u t r o p h ic a t io n .
E u tr o p h ic a tio n  i s  th e  enrichm ent o f  a body of w ater by n u t r ie n t s .
T h is  r e s u l t s  in  a lg a l  blooms which a f f e c t  t a s t e  and odor and th e  tra n sp a ren cy  
o f th e  w a te r . R e se r v o ir s  are more l i k e l y  to  produce th e ir  own o r g a n ic  
m a te r ia ls  than to  have them flo w  in  from e lse w h e r e . The p ro d u ctio n  o f  
a lg a e  can be k ep t under c o n tr o l  by l im it in g  th e  q u a n t it ie s  o f  n itr o g e n
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and phosphorus which e n te r  the system  from stream flow  and r u n o ff . T h is  i s  
one reason fo r  having la n d  use r e g u la t io n s . F e r t i l i z e r  i s  an e x c e l le n t  
sou rce  of th e se  two n u t r ie n t s  so  th a t l im it in g  i t s  u se  on land a d ja cen t  
to  a r e s e r v o ir  i s  h ig h ly  recommended. I f  e u tr o p h ic a tio n  does occur th ere  
i s  u su a lly  a d ecrea se  in  s p e c ie s  d iv e r s i t y  s in c e  o n ly  th o se  s p e c ie s  to le r a n t  
o f th e  a lte r e d  environm ent w i l l  s u r v iv e , and th e s e  few  w i l l  p r o l i f e r a t e .
I t  was m entioned e a r l i e r  th a t an impoundment has an e f f e c t  on th e  
sed im en ta tio n  c h a r a c t e r i s t i c s  o f  a stream . The amount o f  sed im ent or 
suspended p a r t ic l e s  th a t  f lo w in g  w ater can carry i s  d i r e c t ly  r e la te d  to  
the m agnitude o f i t s  tu r b u le n t f lo w . Streams have an eco sy stem  dependent 
on a c e r ta in  amount o f  sed im en t b e in g  p icked up or  what i s  c a l le d  bottom  
sc o u r in g , and a ls o  on th e  d e p o s it io n  o f  some o f th e  sed im en t th a t e n te r s  
th e  stream  in  ru n o ff and c a r r ie s  n u t r ie n t s .  When t h i s  regim en i s  a lt e r e d  
so i s  the com p osition  o f  b e n th ic  (bottom  d w e llin g )  organ ism s.
When an impoundment i s  c r e a te d , th ere  are e f f e c t s  both  in  th e  r e s e r v o ir  
area and upstream  from i t .  The change in  the depth o f  th e  w ater ca u ses  
a change in  th e  b e n th ic  co m p o sitio n  o f  th e  stream  and th e  r e s e r v o ir .  When 
th e  stream  w ater upstream  flo w s  more s lo w ly , more sed im ent drops than  
would p r e c ip i t a t e  in a s w if t e r  f lo w in g  stream .
In the la r g e r  a r e a s  o f  the impoundment, where th ere  were la r g e  s iz e d  
p a r t ic le s  which served  a s  attachm ent su r fa c e s  fo r  c e r ta in  s p e c i e s ,  a lg a e ,  
s t o n e f l i e s  and m a y f l ie s ,  th ere  w i l l  in s te a d  be s m a l l - s iz e d  p a r t i c l e s  over  
th e  o ld  substratum  and a con seq u en t change in  b e n th ic  s p e c i e s .  T h is w i l l ,  
in  tu rn , lea d  to  a d i f f e r e n c e  in  th e  la r g e r  s p e c ie s  which used to  fe e d  on 
the p rev io u s b en th ic  organ ism s and so on through th e  food ch a in .
Sedim ent b u ild -u p , or d e p o s i t io n ,  e f f e c t s  th e  l i f e  o f  th e  r e s e r v o ir
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a r e a . Impoundments are  d es ig n ed  w ith  a sedim ent b a sin  in c lu d ed  w h ich , 
i f  the exp ected  r a te  o f se d im e n ta tio n  were c lo s e ly  approxim ated , sh ou ld  
be a b le  to  handle th e  d e p o s i t s  and a llo w  the r e s e r v o ir  to  co n tin u e  
f u n c t io n in g . The con seq u en ce o f  sed im ent d e p o s it io n  i s  th a t  the w ater  
f lo w in g  o u t o f  a r e s e r v o ir  w i l l  c o n ta in  l e s s  sed im ent than i t  d id  when 
i t  flow ed  in  from u p stream . T his co u ld  cause g r e a te r  than u su a l e r o s io n  
and bottom  sco u r in g  in  th e  stream  below  th e  dam and d ecrea sed  d e p o s it io n  
o f sed im en t to  th e  a q u a t ic  and t e r r e s t r i a l  environm ents downstream . T h is  
w i l l  ca u se  an a l t e r a t io n  o f  th e  c h a r a c t e r i s t i c s  o f th e s e  two en v iro n m en ts.
The w ater so u r c e  downstream from an impoundment can be e f f e c t e d  
b e n e f i c i a l l y  by h av in g  been d e ta in e d  in  a r e s e r v o ir .  T u r b id ity  i s  reduced , 
o rg a n ic  m a te r ia ls  a r e  o x id iz e d  and f e c a l  c o li fo r m s , which are  in d ic a to r s  
o f p o l lu t io n ,  have tim e t o  d ie  o f f .  I f  e u tr o p h ic a t io n  in  th e  r e s e r v o ir  can 
be c o n t r o l le d ,  th e  r e s u l t s  o f  d e ta in in g  th e  w a ter  are  a l s o  u s e f u l  to  th o se  
who are  u s in g  i t  fo r  m u n ic ip a l and in d u s t r ia l  su p p ly .
One o th e r  a s p e c t  o f  impoundment th a t  sh ou ld  be m entioned i s  th a t  th ere  
are o f te n  homes, g ra v e y a r d s , o i l  and w ater w e l l s ,  p ip e l i n e s ,  r o a d s , and 
o th er  p h y s ic a l  s t r u c t u r e s  th a t  w i l l  be inundated  by th e  r e s e r v o ir .  These 
must be g iv en  c o n s id e r a t io n  w ith  r e s p e c t  to  r e lo c a t io n ,  capp ing  o f  w e l l s ,  
or com p en sation .
Two Water R esource P r o je c ts
The Coarse S o rt System  t i e s  in  w ith  th e  requ irem ent in  th e  P r in c ip le s  
and Standards fo r  th e  developm ent o f  a l t e r n a t iv e  p la n s . I t  p r o v id e s  a means 
fo r  d is p la y in g  a com parison o f the d i f f e r e n t  p la n s  by u se  o f th e  s o r t  c h a r ts .
44
T his makes i t  e a s ie r  to  communicate th e  p la n n in g  p r o c e ss  to  th e  p u b l ic .  I f  
th e  s i x  p la n n in g  s t e p s  are  ca rr ied  out and th e  p la n n in g  team s do a thorough  
and com petent jo b  o f  e v a lu a tin g  th e  b e n e f i c ia l  and a d v erse  e f f e c t s  o f a 
proposed p r o j e c t ,  th e s e  teams sh o u ld  be a cco u n ta b le  fo r  th e  r e s u l t s  o f th e  
f i n a l  p la n . T h is C oarse S ort System  has n o t been u sed  by a p la n n in g  agency  
y e t ,  but two d i f f e r e n t  w ater  r e so u rces  p r o je c t s  are b r i e f l y  d e sc r ib e d  
below  w hich m ight have b e n e f i t t e d  from u s in g  the C oarse S ort m ethod.
The r e c e n t  Teton Dam d is a s te r  in  Idaho, June 5 , 1976 , now under 
in v e s t i g a t i o n ,  i s  a c a se  in  p o in t . The p r o je c t  was o r i g i n a l l y  a u th o r iz e d  
in  1964, was h e ld  up by a court c a se  in  1973 in v o lv in g  c o n se r v a t io n  grou p s, 
and was o n ly  now in  th e  p rocess o f b e in g  com p leted , tw e lv e  y e a r s  a f t e r  
a u t h o r iz a t io n . E n v iro n m en ta lis ts  opposed th e  e a r t h - f i l l  dam b eca u se  i t  
would d e s tr o y  17 m ile s  o f  the T eton  R iver where tr o u t  f i s h in g  was p o p u la r , 
and would in u n d ate 2 ,7 0 0  acres o f  h a b ita t  fo r  d e e r , e lk ,  and o th e r  w i l d l i f e . The 
Bureau o f R ecla m a tio n , w hich i s  th e  F ed era l agency r e s p o n s ib le  fo r  d e s ig n in g  
and b u ild in g  th e  dam, countered  th a t  "the b e n e f i t s  o f  f lo o d  c o n tr o l  and 
i r r i g a t i o n  w a ter  th a t  th e  dam would p ro v id e  would fa r  ou tw eigh  any damage to  
th e  environm ent"  (Tim e, 6 /2 1 /7 6 , p . 5 6 ) . There was a l s o  in fo r m a tio n  a v a i la b le  
on a d i f f e r e n t  m a tte r , however, which may shed some l i g h t  on th e  ca u se  fo r  
th e  c o l la p s e .  The U n ited  S ta te s  G e o lo g ic a l Survey inform ed th e  Bureau o f  
R eclam ation  in  1972 th a t  th e  dam s i t e  was in  a " s e is m ic a l ly  a c t iv e  area  and 
m ight be endangered by earthquakes"  (Time) . The S ie r r a  C lu b 's  N a tio n a l News 
R eport (NNR) s t a t e s  th a t  the dam i s  a c t u a l ly  b u i l t  o v er  a f a u l t .  Both th e  
NNR and Time r ep o r t th a t  th e  s e is m ic  stu d y  r e v e a le d  th a t  th e  e a r th  on one  
s id e  o f  th e  dam was more porous and s o f t  and th a t  f i l l i n g  th e  r e s e r v o ir  
would c a u se  th e  s o f t e r  e a r th  to  compact more than th e  e a r th  on th e  o th e r  
s id e  o f  th e  dam.
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"This would cau se  a sm a ll ru p tu re  a t  th e  b a se  of the dam, 
and when th e  bottom  began to  le a k , the w ater would tea r  
lo o s e  th e  b a s ic  ea r th  s t r u c t u r e ,  open a h o le  in to  which 
the rock  c o v e r in g  would c o l la p s e  and th e  w h o le  dam would 
go , and th a t  i s  a p p a ren tly  what happened" ( Time) .
During th e  1973 co u r t h e a r in g s , a form er g e o lo g i s t  w ith  the Bureau o f  Reclama­
t io n  s ta te d  th a t  t e s t s  in d ic a te d  th a t th e  s o i l  was too porous fo r  a dam. The 
p r o je c t  was c o n tin u e d , however.
So fa r  t h i s  stu d y  has o v er look ed  what can b e an overwhelming 
in f lu e n c e  in  th e  p r o c e s s  o f  o b ta in in g  a u th o r iz a t io n  for  a w ater r e so u r c e s  
p r o j e c t ,  p o l i t i c s .  N a tio n a l t e l e v i s i o n  news co v era g e  r ig h t  a f t e r  th e  dam 
c o l la p s e  s ta te d  th a t  Idaho S en ator  Frank Church (who was s t i l l  a  ca n d id a te  
fo r  P r e s id e n t on June 5) had been in stru m en ta l in  pushing th e  dam p r o je c t  
through C on gress. Now he and h i s  C o n g ressio n a l c o lle a g u e s  are  c a l l i n g  fo r  
a thorough in v e s t ig a t io n .
W hatever th e  cau se o f  th e  dam's c o l la p s e ,  i t  has become an in s ta n c e  
where th e  a d v erse  e f f e c t s  o f  th e  c o l la p s e  w i l l  c e r t a in ly  outw eigh any b e n e f i c i a l  
e f f e c t s  th ere  m ight have b een . The dam c o s t  $60 m i l l io n .  The d is a s te r o u s  
f lo o d in g  from th e  ru p tu re in u n d ated  4 0 0 ,0 0 0  a c r e s  and did over $1 b i l l i o n  in  
damage. Ten p e o p le  l o s t  t h e i r  l i v e s  in  th e  f lo o d  and 4000 homes and b u s in e s s e s  
were washed away. O b v io u sly , t h i s  kind o f  i r r e v e r s ib le  damage would n ot 
have been accou n ted  fo r  or even  been  c o n s id ered  d uring  the p lan n in g  s t a g e s .
I t  should  a l s o  be n o ted  th a t en v iron m en ta l im pact s ta tem en ts  were n o t  
req u ired  in  1964.
The T eton Dam was p lan n ed  u s in g  th e  t r a d i t io n a l  b e n e f i t - c o s t  r a t io  
m ethod. There was a co u rt c a se  fo r  e n v io m m e n ta l re a so n s , but th e  Bureau o f  
R eclam ation  was o n ly  a cco u n ta b le  fo r  th e  d e s ig n  o f  the p r o je c t  and th e  b e n e f i t -  
c o s t  a n a ly s is .  I t  i s  p o s s ib le  th a t  some f lu k e  in  th e  g e o lo g ic a l  s tr u c tu r e
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of Che a rea  a d ja cen t to  th e  dam caused  th e  c o l la p s e .  H o p e fu lly , under th e  
new system , th e  en la rg ed  p la n n in g  team w i l l  p ro p er ly  a s s e s s  such a s i t u a t io n  
and preven t fu tu re  occu rren ces o f  t h i s  ty p e .
A nother c o n tr o v e r s ia l  p r o je c t  i s  the L ukfata  Dam proposed  fo r  sou th ­
e a s te r n  Oklahoma by th e  Corps o f  E n g in eers . The dam was o r ig in a l ly  proposed  
fo r  th e  G lover R iver  and a u th o r iz e d  in  1958 a s  p a rt o f  a f lo o d  c o n tr o l  
p r o je c t  fo r  Oklahoma and A rkansas. Two o th e r  s t r u c tu r e s  a u th o r iz e d  fo r  Oklahoma 
have been com p leted . The p rop osed  s i t e  c r e a te d  so  much co n tr o v e r sy  th a t  a 
compromise s i t e  was su g g e s te d  by an e n v ir o n m e n ta lis t  in  1973 and an en v iro n ­
m ental impact sta tem en t prepared  fo r  i t ,  but n ot fo r  th e  f i r s t  s i t e .
A h ea r in g  on the d r a ft  en v iron m en ta l im pact sta tem en t was h e ld  in  J u ly ,  
1975. A gain , a l l  s o r t s  o f  sh o rtco m in g s in  th e  p la n n in g  p r o c e ss  were c r i t i ­
c iz e d  d u rin g  th e  h e a r in g . Some o f  th e  r e s id e n t s  o f  th e  a f f e c t e d  area were 
very  much in  fa v o r  o f  a dam to  c o n tr o l  f lo o d in g  and favored  e i t h e r  s i t e .  The 
Choctaw In d ia n s who l iv e d  th e r e  opposed any dam a s d id  a n oth er  group o f  
r e s id e n t s .  One S ta te  se n a to r  was fo r  i t ,  a S ta te  r e p r e s e n ta t iv e  opposed the  
second s i t e .  O ther comments see -sa w ed  betw een pro and con a l l  day.
Some o f  th e  s p e c i f i c  r e a so n s  fo r  c r i t i c i s m  in c lu d ed  th e  e n v ir o n m e n ta lis ts  
c o n te n tio n  th a t th e  C lover R iver  was th e  l a s t  f r e e  f lo w in g  m ountain stream  
in Oklahoma, and was a ls o  th e  o n ly  h a b ita t  in  th e  w orld  fo r  a proposed  
endangered s p e c ie s  o f  f i s h ,  th e  leop ard  d a r te r . The p lan  f a i l e d  to  in c lu d e  
recom m endations from th e S ta te  and F ederal W i ld l i f e  a g e n c ie s  on red u ctio n  
or m it ig a t io n  o f  d e s tr u c t io n  o f  w i l d l i f e  or w i l d l i f e  h a b i t a t .  The dam would 
put a la r g e  dent in  sma11-mouth b a ss  f i s h in g  in  th e  S ta te  b eca u se  co o l-w a te r  
sm all-m outh b ass stream s a r e  s c a r c e  in  Oklahoma. A lso  q u e stio n e d  was the
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c a lc u la t io n  o f  th e  c o s t  o f  lo s in g  t h i s  r e so u r c e . The u n a d u ltera ted  s e t t in g  
and fr e e  f lo w in g  r iv e r  were c a l le d  u n iq u e  among r e c r e a t io n a l  o p p o r tu n it ie s  
in  the S t a t e .
A nother in t e r e s t in g  and c o n tr o v e r s ia l  p o in t m entioned was the in t e r e s t  
r a te  used to  c a lc u la t e  th e  b e n e f i t / c o s t  r a t i o .  U sing  3k p e r c e n t , which  
was th e  r a te  when th e  p r o je c t  was planned o r i g in a l ly ,  r e s u lte d  in  a b e n e f i t /  
c o s t  r a t io  o f  1 .4 : 1 .  The in t e r e s t  r a te  in  1975 was 5 7 /8  p ercen t w hich would  
have g iv en  a b e n e f i t / c o s t  r a t io  l e s s  chan on e , a cco rd in g  to  th e  e n v ir o n m e n ta lis ts .  
They a ls o  n oted  th a t  th e  Corps o f  E n g in eers had a h is to r y  o f a t  l e a s t  100 
p ercen t c o s t  overruns making th e  b en ef i t / c o s t  r a t io  even more q u e s t io n a b le .
Among th e  In crem en ta l b e n e f i t s  o f L ukfata  Lake were r e c r e a t io n  and 
w ater su p p ly . Both drew c r i t i c i s m .  The G overnor's o f f i c e  s ta te d  th a t  lak e  
r e c r e a t io n  needs In th e  a rea  had been met fo r  the n ext 25 y e a r s  and re fu sed  
to  make a f in a n c ia l  commitment. The e n v ir o n m e n ta lis ts  p o in ted  out th a t  the  
Corps had g r e a t ly  o v e r s ta te d  th e  need fo r  th e  w ater supply  b e n e f i t s  o f  L ukfata  
Lake. E x is t in g  s u p p lie s  were s u f f i c i e n t  fo r  fo r e c a s te d  n eed s.
The n o n -S tr u e tu r a l a l t e r n a t iv e ,  w hich was to  purchase or le a s e  th e  
f lo o d  p la in  a r e a , was deemed to  have n et c o s t s  ra th er  than b e n e f i t s  by the  
Corps o f  E n g in eers . Thus, th ey  d id  not c o n s id e r  i t  a s  a f e a s i b l e  p la n .
Tho two  p r o  i c c t s  m o n t i o n o d  a b o v e  a r e  i n d i c a t o r s  o f  some o f  t h e  p r o b l e m s  i n  
w . i to r  rosourc - i - s  p i . i n n i n g .  I t  s h o u l d  he p o s s i b l e  t o  m i t i g a t e  them
i f  th e  P r in c ip le s  and Standards are  fo llo w e d . For th e  Idaho p r o je c t  th e  
p resen t approach I s  to o  l a t e ,  but fo r  th e  Oklahoma dam, th e r e  i s  s t i l l  an 
o p p o r tu n ity  to  i n s i s t  th a t  a l t e r n a t iv e  p la n s  be form ulated  and co n sid ered  
w ith  a s e r io u s  c o n s id e r a t io n  fo r  th e  unique environm ental a s p e c t s  o f  th e  
a r e a .
CHAPTER THREE 
METHODOLOGY FOR THE COARSE SORT SYSTEM
The Coarse S o r t System  i s  a method fo r  d e a lin g  w ith  th e  n a t io n a l  
econom ic developm ent (NED) and th e  en v iron m en ta l q u a l i ty  (EQ) o b j e c t iv e s  and 
accou n ts req u ired  by th e  E sta b lish m en t o f  P r in c ip le s  and Standards fo r  
P lanning Water and R ela ted  Land R esources (1 9 7 3 ) . T h is  p a r t ic u la r  system  
has been d ev e lo p ed  fo r  the p re lim in a ry  a s p e c ts  o f  th e  p la n n in g  o f  a w ater  
r e so u r c e s  p r o j e c t .
S in c e  th e  purpose o f  t h i s  Coarse Sort was to  d e v is e  a n on -m ath em atica l, 
f a i r ly  s im p le - to -u s e  model fo r  th e  p re lim in a ry  s e l e c t io n  o f  p r o je c t  a l t e r ­
n a t iv e s ,  a v e r b a l ,  v i s u a l  method was c r e a te d . The m ajor elem ent o f  t h i s  
model i s  c a l le d  a s o r t  ch a rt which w i l l  be ex p la in ed  l a t e r .
The Coarse S o r t System  accom p lish es s e v e r a l  of th e  o b j e c t iv e s  in  th e  
s ix  p la n n in g  s t e p s .  F ir s t  o f a l l ,  i t  r e q u ir e s  th a t th e  p lan n in g  teams 
broaden t h e ir  h o r izo n s  and exam ine many d i f f e r e n t  a l t e r n a t iv e s  f o r  a c h ie v in g  
the n eed s of a community o r  r e g io n . S eco n d ly , i t  p r o v id e s  a method v ia  
the s o r t  c h a r ts  fo r  lo o k in g  at a l l  o f  the a l t e r n a t iv e s  to g e th e r  on th e  
same b a s i s .  T h ir d ly , i f  th e  p rocedures used to  d e v is e  th e  v a r io u s  a l t e r n a t iv e s  
are made a v a i la b le  to  th e  p u b lic ,  i t  w i l l  g iv e  them an a p p r e c ia t io n  o f  how 
d i f f i c u l t  i t  i s  t o  s e l e c t  a p lan and how much work i s  in v o lv e d  in  th e  p r o c e s s .  
I t  w i l l  a l s o  a f fo r d  them an op p o rtu n ity  t o  examine th e  a l t e r n a t iv e s .
F o u r th ly , th e  C oarse Sort System  can be used  even i f  methods o th e r  than n e t
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b e n e f i t s  are  c r e a te d , a s  lon g  a s  th e  a l t e r n a t iv e s  a re  ranked . F i f t h l y ,  in  
th e  P r in c ip le s  and Standards th ere  i s  a l s o  a requ irem ent th a t  two o th er  
a cco u n ts  fo r  m easuring th e  im pacts o f a proposed p r o je c t  be p r e se n te d , a 
r e g io n a l developm ent accou n t and a s o c i a l  w e l l-b e in g  a c c o u n t. I t  i s  
q u ite  p o s s ib le  to  adapt the s o r t  ch art method to  b o th  o f  th e s e  i f  a system  
o f  ran k in g  each o f th e s e  acco u n ts  i s  u sed .
The C o a r s e  S o r t  S y s te m  i s  u s e d  a f t e r  t h e  i n i t i a l  d a t a  g a t h e r i n g  an d  
e v a lu a t io n  has occu rred  and th e  a cco u n ts have been d e v e lo p e d . The EQ team has  
to  know a p p rox im ately  which a l t e r n a t iv e s  th e  NED team i s  lo o k in g  a t  so  th a t th e  
EQ team can e v a lu a te  EQ p la n s  fo r  th o se  s i t u a t i o n s .  The k in d s  o f  in fo rm a tio n  
th e  two p la n n in g  team s must o b ta in  are  d e t a i le d  in  C hapter Two and A ppendices  
C and D. The in fo rm a tio n  i s  e v a lu a ted  and th e  f u t u r e  o f  th e  area  w ith o u t a 
p lan  i s  d eterm in ed . Then a l t e r n a t iv e  p la n s  a re  d e v e lo p e d . T hese p roced u res  
c o in c id e  w ith  S tep s  One and Two o f  th e  fo rm a lized  p la n n in g  p r o c e s s .  Then each  
team must rank th e  segm ents w ith in  th e  p la n s  w ith  r e s p e c t  to  how c lo s e  they  
a c t u a l ly  come to  f u l f i l l i n g  th e  s ta te d  n e e d s . The o v e r a l l  rank i s  o b ta in ed  from  
th e  t o t a l  sum o f  th e  segm ent ra n k in g s . The lo w e st  sum i s  th e  b e s t  o v e r a l l  p la n  
and i s  ranked number o n e . Even th e  p la n s  th a t  a re  so  b ia s e d  toward one o b j e c t iv e  
th a t  th ey  w i l l  prob ab ly  be r e je c te d  sh ou ld  be ranked .
I t  i s  p o s s ib le  th a t  th e  p la n  w ith  th e  b e s t  o v e r a l l  ran k in g  has segm ents 
th a t do not meet a  g o a l  a s  w e l l  a s  segm ents from a n o th er  p la n  or p la n s  w ith  
a low er ran k in g . H aving t h i s  knowledge a v a i la b le  and d is p la y e d  on th e  s o r t  
chart i s  h e lp f u l  in  th e  t r a d e - o f f  p ro ced u re . I t  would p ro b a b ly  f a c i l i t a t e  
th e  p r o c e ss  i f  th e  p la n n e r s  fo llo w e d  th e  s u g g e s t io n  o f  a p la n n in g  en g in eer  
w ith  th e  Bureau o f  R eclam ation  (S ch a e fer  1 9 7 5 ). He s u g g e s te d  th a t  a lth ou gh
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i t  may be n ecessa ry  to  e v a lu a te  extrem e c a se s  fo r  both  th e  NED and EQ 
o b j e c t iv e s ,  i t  i s  w ise  to  d ev e lo p  a l t e r n a t iv e  p la n s  w hich em phasize one or 
th e  o th e r  but a r e , a t  th e  same t im e , v ia b le .
A fte r  th e  p la n s  are ran k ed , th ey  are p laced  on each  o f th e  s o r t  c h a r ts ,
NED and EQ. The NED p la n s  are  l i s t e d  in  order o f  rank , on e , tw o, th ree  and 
s o  on. To make the s o r t in g  p r o c e s s  e a s i e r ,  th e  EQ p la n s  sh ou ld  be p laced  on th e  
EQ ch art in  the same ord er  a s  th e  corresponding NED p la n . In  o th e r  w ords, i f  the  
NED p la n s  are  l i s t e d  w ith  P lan  B f i r s t .  Plan A seco n d , and P lan  D t h ir d ,  th e  EQ 
p la n s sh ou ld  be in  th e  same order (B, A and D) even though th e  ran k in gs fo r  
EQ p la n s B, A, and D may be 9 , 11, 6 r e s p e c t iv e ly  in s te a d  o f  1 , 2 ,  and 3 . Then 
th e  p la n s  can be p r e l im in a r i ly  so r te d  through to  e l im in a te  th o s e  which are  
not f e a s i b l e .  T his would prob ab ly  mean e ith e r  th e  n e t  b e n e f i t s  c r i t e r io n  
was not a c h ie v e d , or th e  p la n  was to o  b ia sed  toward one o b j e c t iv e  to  be a b le  
to  e f f e c t  a  compromise. I f  many a l t e r n a t iv e s  a re  p r e se n te d , th e  most f e a s ib l e  
ten  sh ou ld  be s e le c t e d  in  t h i s  f i r s t  e lim in a t io n  p r o c e s s .
The n ex t s te p  in v o lv e s  a procedure s im ila r  to  feed b a ck . Of the  
rem aining a l t e r n a t iv e s ,  th e  m ost l i k e l y  f i v e  or s i x  sh ou ld  be ch osen  fo r  
fu r th e r  stu d y  w ith  both team s p r e s e n t . Having ranked th e  p la n s  and the  
segm en ts, i t  shou ld  be p o s s ib le  to  look  a t both o b j e c t iv e s  fo r  one o f  the  
o v e r a l l  p la n s , d ec id e  w hich  segm ents or components o f  each m ight be a l t e r e d ,  
choose a segm ent w ith  a h ig h e r  ranking i f  p o s s ib le  from one o f  th e  o th er  f i v e  
a l t e r n a t iv e s ,  and t e s t  i t  in  th e  p la n . I t  may reduce th e  n e t  b e n e f i t s  f ig u r e  
a l i t t l e ,  but th e  o v e r a l l  p la n  may be more f e a s i b l e .  T h is procedure i s  
c o n tin u ed , l i k e  an I t e r a t i o n ,  u n t i l  an a c c e p ta b le  p lan  fo r  both  o b je c t iv e s  
i s  a c h ie v e d . F igu re 2 i s  a flo w  ch a rt o f  the p ro ced u re .
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Figure 2. D e t a i l s  o f  th e  Coarse Sort Procedure
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In perform ing t h i s  o p era t io n  i t  i s  p o s s i b l e  th a t  a segment w ith  a 
h ig h er  ranking  i s  not among th e  a l t e r n a t i v e s .  In  that c a se  choose  the  
segment that  has the n ext  h ig h e s t  ranking to  th e  one that i s  be ing  a l t e r e d .
I t  i s  a l s o  p o s s ib l e  t h a t  m an ip u lat ion  o f  th e  f i v e  b e s t  a l t e r n a t i v e  p lan s  
w i l l  not produce an a c c e p ta b le  compromise. I f  t h i s  happens, one o f  th e  
fou r  r e j e c te d  p la n s ,  or a segment from i t ,  might r e s u l t  in  a b e t t e r  o v e r a l l  
p la n .
Later in  t h i s  chapter  th ere  i s  an example o f  the  use o f  the  Coarse Sort 
System . For t h i s  p a r t i c u la r  c a s e ,  th ere  were two a l t e r n a t i v e s  which had 
s i m i l a r  ranks for both the NED and EQ o b j e c t i v e s .  I f  t h i s  o c c u r s ,  i t  
i n d ic a t e s  a f a i r l y  high degree of  c o m p a t ib i l i t y  between th e  two o b j e c t iv e s  
and makes the s e l e c t i o n  of a f i n a l  p lan  much e a s i e r .  I t e r a t i o n s  are not  
r e a l l y  n e c e ssa r y  because  th e  few d i f f e r e n c e s  t h e r e  are can be d isc u sse d  
among the p la n n ers  and w ith  th e  p u b l i c .  This  sh ou ld  r e s u l t  in  an a c c e p ta b le  
p lan  w ith  o n ly  a l i t t l e  compromising and a few t r a d e - o f f s .
The Sort Chart
The s o r t  chart i s  e s s e n t i a l l y  a v e r b a l  m a t r ix ,  but th e  term "sort chart"  
i s  used to  d i s t i n g u i s l i  i t  from th e  norm ally  c o n fr o n te d  m athem atical m atr ix .  
T able 1 i s  an example o f  a s o r t  c h a r t .  The numbers on the  s o r t  chart are  
th o se  which d e s ig n a t e  how a p a r t i c u la r  p lan  ranks w ith  r e s p e c t  to  m eeting  
the  s ta te d  needs or g o a l s  o f  a s p e c i f i e d  w ater r e s o u r c e s  p r o j e c t ,  both on 
an o v e r a l l  b a s i s ,  and fo r  each in d iv id u a l  segment o f  each p la n .
The s o r t  chart c o n s i s t s  o f  th r e e  major e le m e n ts .  On th e  l e f t  s id e  i s  
th e  name o f  th e  plan or p lans  b e in g  c o n s id e r e d .  Across th e  top  are the  
v a r io u s  components fo r  which a p r o je c t  i s  b e in g  d e v e lo p e d ,  such as  w ater
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su p p ly ,  f lo o d  c o n t r o l ,  t e r r e s t r i a l  h a b i t a t ,  or f i s h  and w i l d l i f e .  On the  
r i g h t  s id e  and in  the  i n t e r i o r  sq u ares  are the  ranking numbers fo r  th e  
o v e r a l l  p lan and i t s  segm en ts ,  r e s p e c t i v e l y .  The p la n s  are l i s t e d  as  
p r e v io u s ly  e x p la in e d .
There may be in s t a n c e s  when two or more segm ents or two or more p lans  
t i e  for  a rank number. In t h i s  c a s e ,  an average  i s  c a l c u la t e d  fo r  th e  rank 
numbers which would have been g iv e n  each s e p a r a t e l y .  For in s t a n c e ,  th ree  
segm ents t i e  fo r  t h i r d ,  but would have been t h i r d ,  fo u r th  and f i f t h  o th e r w ise .  
The average  o f  3 + 4 + 5 =  12  ̂ 3 = 4  i s  g iv e n  to  a l l  th r e e  o f  them. I f  
i t  were j u s t  3 + 4 ,  then th e  average  number, 3 . 5 ,  would be g iv e n  to  both of  
them. I f  th e r e  i s  a t i e  fo r  l a s t  p l a c e ,  th e  same method i s  u sed . I f  th ere  
are  50 d i f f e r e n t  a l t e r n a t i v e  p la n s  and two t i e  fo r  l a s t  p l a c e ,  each i s  g iven  
th e  number 4 9 .5 .
The Na t i o n a l  Economic D e v e lopmen t  Sor t  Chart
There are  s e v e r a l  d i f f e r e n t  components th a t  cou ld  be found a c r o s s  the  
to p  o f  a n a t i o n a l  economic development (NED) s o r t  c h a r t .  They are s im i la r  
t o  th o se  used to  p lan  p r o j e c t s  when th e  b e n e f i t - c o s t  a n a l y s i s  was th e  only  
o b j e c t i v e  and are  g e n e r a l ly  r e f e r r e d  to  as  th e  b e n e f i c i a l  p u rp o ses .  The 
l i s t  of components in c lu d e s ;
1. w ater  supply
a .  community and r e s i d e n t i a l
b. a g r i c u l t u r a l
c .  i n d u s t r i a l  and commercial
2 .  power
a .  community an I r e s i d e n t i a l
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b. a g r i c u l t u r a l
c .  i n d u s t r i a l  and commercial
3. r e c r e a t io n
4. f l o o d  damage a l l e v i a t i o n
a .  a g r i c u l t u r a l
b . urban
5. land  s t a b i l i z a t i o n
6. dra in age
7. t r a n s p o r t a t i o n ,  and
8. commercial f i s h i n g
a s  they r e l a t e  to  " in c r e a s e s  o f  th e  v a lu e  o f  the  output o f  goods and s e r v i c e s  
and improvements in n a t i o n a l  economic e f f i c i e n c y "  (P r i n c i p l e s  and S tan d ard s) .  
Other b e n e f i c i a l  e le m e n ts ,  such a s  employment and e x t e r n a l  econom ies, might  
a l s o  be in c lu d e d .
There a re  adverse  e f f e c t s  which must be measured, to o :
1. r e s o u r c e s  req u ired  or d i s p la c e d
a .  sum o f  th e  market v a lu e s  o f  th e  goods and s e r v i c e s  used fo r  
i n s t a l l â t  ions
b . i n t e r e s t  during  c o n s t r u c t io n
c .  c o s t s  o f  o p e r a t io n ,  maintenance and replacem ent
d . induced c o s t s
2. d e c r e a s e s  in output r e s u l t i n g  from e x te r n a l  d iseco n o m ies .
The l i s t  o f  b e n e f i c i a l  p u rp oses  i s  d i r e c t l y  r e la t e d  to  th e  g o a ls  o f  
th e  p r o j e c t . These g o a l s  might be t o  supply  a c e r t a in  amount o f  w a ter ,  p reven t  
f l o o d in g ,  p r o v id e  power, an d /o r  in c r e a s e  r e c r e a t io n a l  o p p o r t u n i t i e s .  They 
are based on known or r e c o g n iz e d  needs o r ,  t h e o r e t i c a l l y ,  th e r e  would n o t
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be a reason to  develop  a p lan in  the  f i r s t  p l a c e .  In c r e a s in g  p o p u la t io n ,  
th e  d e s ir e  t o  b r in g  in  in d u s tr y ,  and e x c e s s i v e  f lo o d  damages every year  
a re  a l l  r e a so n s  that  might req u ire  a p r o j e c t .  Now, however, in s t e a d  o f  
d ev e lo p in g  j u s t  one p la n  t o  meet th e s e  n e e d s ,  th e r e  must be s e v e r a l  a l t e r ­
n a t i v e s  p r e se n te d  f o r  c o n s id e r a t io n .
P r io r  to  th e  r e c e n t  turn o f  e v e n t s  in  w a ter  r e s o u r c e s  p la n n in g ,  a 
p r o j e c t  cou ld  f u l f i l l  more than one need by u s in g  th e  increm ental method.
The in crem en ta l  method o f  b e n e f i t - c o s t  a n a l y s i s  a l lo w s  a d d i t io n a l  b e n e f i t s  
t o  be c a l c u la t e d  which r e s u l t  from th e  o r i g i n a l  purpose o f  the p la n .  For 
i n s t a n c e ,  i f  th e  amount o f  water supply  needed r e q u ir e s  c o n s tr u c t io n  o f  a 
r e s e r v o i r ,  r e c r e a t i o n a l  b e n e f i t s  from that r e s e r v o i r  can be in c lu d e d .  I f  
i t  can be proved th a t  a d d i t io n a l  s to r a g e  p r o v id e s  r e c r e a t io n a l  b e n e f i t s  
g r e a t e r  than the  added c o s t  to  c o n s tr u c t  the  a d d i t i o n a l  s to r a g e ,  t h a t ,  t o o ,  
can be added on. T h is  method i s  s t i l l  in  u s e ,  but i s  now only p a rt  o f  the  
w a t e r  r e s o u r c e s  p l a n n i n g  me th o d .
The o th e r  part concerns the en v iron m en ta l damage which occurs where 
a p r o je c t  i s  b u i l t .  I f  a r e s e r v o ir  i s  b u i l t ,  w hatever was th e r e ,  t e r r e s t r i a l  
h a b i t a t ,  homes, g r a v e s ,  o th er  b u i l d i n g s ,  or  a r c h e o l o g i c a l  s i t e s ,  w i l l  be 
inundated and d e s tr o y e d .  This i s  i r r e v e r s i b l e  damage. In the new p lan n in g  
framework, a s e r io u s  e f f o r t  must be made t o  m i t i g a t e  t h i s  damage. Thus, 
b e fo r e  a p r o j e c t  i s  approved, a thorough en v iron m en ta l  inventory  i s  made 
o f  th e  a r e a ,  and w ith  th e  s ta te d  needs in  m ind, p la n s  are made to  f u l f i l l  
them with th e  b est  i n t e r e s t s  o f  th e  environment taken  in t o  account . This  
i s  th e  en v ironm enta l  q u a l i t y  o b j e c t i v e .
To implement th e  s o r t  chart method, when the NED and EQ p la n s  are  
d e v e lo p e d ,  they  are ranked acco rd in g  to  how c l o s e  th ey  come t o  f u l f i l l i n g
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the  s t a t e d  needs of th e  p a r t i c u l a r  o b j e c t i v e .  This  in fo rm a tio n  appears on 
the c h a r t s .  The NED plan which ranks number one w i l l  probably  u se  increment 
a f t e r  increment t o  r e a l i z e  th e  n eed s . The number one EQ p lan  w i l l  most 
l i k e l y  meet a need by uo ing  th e  o p p o s i t e .  For example, i f  w ater supply  i s  
needed than a r e s e r v o ir  would be b u i l t  to  meet on ly  th a t  n e e d ,  p ro v id e  
r e c r e a t io n  through enhancing  e x i s t i n g  f a c i l i t i e s ,  use land purchase  or zoning  
to  c o n t r o l  f lo o d  damages, and so  f o r t h .  A s u g g e s t io n  might even be made to  
l i m i t  growth or urban sp ra w l.
In s h o r t ,  th e  needs  are  e x p r e s s e d ,  th e  p la n s  are fo r m u la te d ,  th ey  and 
t h e i r  segments are  ranked a cco rd in g  to  how c l o s e  they  come to  f u l f i l l i n g  
both th e  need and th e  o b j e c t i v e ,  NED or EQ, th e  in fo rm a t io n  i s  p la c e d  on 
the s o r t  c h a r t s ,  and the p r o c e s s  o f  compromise and t r a d e - o f f s  i s  used to 
come up with a f i n a l  a c c e p t a b le  p la n .
The Environm ental Q u a lity  Sort Chart
The use o f  th e  EQ c h a r t  was e x p la in e d  e a r l i e r  in  t h i s  c h a p te r .  Table 2
i s  an example o f  an EQ s o r t  c h a r t .  The e s s e n c e  o f  th e  EQ o b j e c t i v e  i s
co n ta in ed  in the f o l lo w in g  s ta te m e n ts  from th e  P r i n c i p l e s  and S ta n d a rd s:
B e n e f i c i a l  e f f e c t s  on th e  env ironm enta l q u a l i t y  account  
are c o n t r ib u t io n s  r e s u l t i n g  from th e  management, p r e s e r ­
v a t io n ,  or r e s t o r a t i o n  o f  one or more of th e  en v iro n m en ta l  
c h a r a c t e r i s t i c s  . . . under s tu d y .
Adverse en v iro n m en ta l  e f f e c t s  -  g e n e r a l ly  th e  o b v erse  
o f  b e n e f i c i a l  env iron m en ta l  e f f e c t s  -  are con seq u en ces  
o f  the  proposed p lan  th a t  r e s u l t  in  th e  d e t e r i o r a t i o n  
o f  r e le v a n t  environment c h a r a c t e r i s t i c s  o f  an a r e a  under  
study . . . .
The env ironm enta l  e le m e n ts  th a t  are  to  be c o n s id ered  in c lu d e  th e  











T o ta l  P o in ts
C u ltu r a l
R esources
Ecosystem s
G e o lo g ic a l
R esources
Water 
Qua 1i  t y
H i s t o r i c a l
Resources
A rch co log i  c a 1 
R esourcesco
A esth ot  i c 
Views
A cres o f  
W ild ern ess
M ile s  o f  
Beaches
A c r e - f e e t  o f  
L ak e(s)
M ile s  o f  S cen ic  
R i v i T





1. open and green  sp ace
2 . w i ld  and s c e n ic  r i v e r s
3. la k es
4. beaches and sh o r e s
3. m ountains and w i ld e r n e s s  a reas
6 .  e s t u a r i e s
7. o ther  a r e a s  o f  n a tu r a l  beauty
8. a r c h e o l o g i e a 1 r e so u r c e s
d. h i s t o r i c a l  r e so u r c e s
10. b i o l o g i c a l  r e so u r c e s
11. g e o l o g i c a l  r e so u r c e s
12. e c o l o g i c a l  system s
13. c o n tr o l  o f  p o l l u t i o n
a . water q u a l i t y
b. a i r  q u a l i t y
c .  land q u a l i t y
14. m in im izing  or a v o id in g  i r r e v e r s i b l e  or i r r e t r i e v a b l e  e f f e c t s
on the env ironm ent.
The g o a l s  in h eren t  in  th e  environment q u a l i t y  o b j e c t iv e  are to  preserve  
or enhance th e  env ironm ent. .\s a r e s u l t  o f  t h i s  d i r e c t i v e ,  the  b e s t  plan  
from t h i s  s ta n d p o in t  would probab ly  not meet the g o a ls  o f  the  b e s t  n a t io n a l  
economic development o b j e c t i v e .  In o th e r  words, the  r e s e r v o ir  p r o je c t  which 
s u p p l i e s  the most water probably  does the most environm ental damage. However, 
fo r  th e  sake of having  as much in form ation  a v a i la b le  as p o s s i b l e ,  th e  e n v ir o n ­
m ental q u a l i t y  team should  c o n s id e r  a l l  p o s s i b l e  a l t e r n a t i v e s  a t  f i r s t  and 
make compromises l a t e r .
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The approach to  the environm ental q u a l i t y  s o r t  chart  i s  t o  rank the  
p la n s  and t h e i r  segments by th e  amount of p r e s e r v a t io n  enhancement they  
provide  to  the  environment w h i le  a t  the  same tim e keeping in  mind the  
p r o j e c t  g o a l s .  Although a la r g e  r e s e r v o ir  may do a l o t  o f  damage, a l t e r n a t i v e  
methods o f  w ater  supply  may be h e lp fu l  to  the environment and perhaps in c r e a se  
the c a rry in g  c a p a c i t y  of an area and/or the number and k in d s  o f  h a b i t a t s  
a v a i l a b l e  fo r  w i l d l i f e .  The NED p r o je c t  g o a l s  r e la t e d  to  th e  p a r t i c u l a r  EQ 
plan w i l l  be r e l a t e d  by th e  plan name. In o th e r  words, a lth ou gh  the  NED plan  
for  a c h ie v in g  a goal i s  not s p e c i f i c a l l y  s t a t e d  on the  EQ s o r t  c h a r t ,  the
p lan n in g  team prep ar in g  th e  EQ o b j e c t iv e  knows which a l t e r n a t i v e  s o l u t i o n s  are  
b e in g  c o n s id e r e d  by the NED team, and can prepare an EQ p lan  fo r  each NED 
p la n .  I f  NED Plan A i s  u s in g  a m ultipurpose  r e s e r v o ir  to  f u l f i l l  the  
need fo r  f lo o d  c o n t r o l ,  w ater  supply and r e c r e a t io n ,  then EQ Plan A w i l l  
e v a lu a te  the  EQ o b j e c t i v e  f o r  t h i s  r e s e r v o ir  p r o j e c t .  I f  NED Plan B u se s  
two s m a l le r  la k e s  t o  s o lv e  th e  problem s, then EQ Plan B w i l l  e v a lu a te  the  
EQ o b j e c t i v e  f o r  NED Plan B and so  on.
I t  was s t a t e d  e a r l i e r  th a t  t h i s  Coarse Sort System was developed  for  use 
w ith  the NED and EQ o b j e c t i v e s  and .accounts. The e x c e r p ts  from the  
P r in c ip le s  and Standards in T ab les  3 and A are g u i d e l i n e s  fo r  d ev e lo p in g  
and d i s p la v in g  th e s e  two . ic co u n ts .  The a ccou n ts  are a d e l i n e a t i o n  of  
the b e n e f i t s  .and c o s t s  in d o l l .a r s  for each of th e  NED components, and 
a verbal d e s c r i p t i o n  of i .ach a p p l ic a b le  EQ component. In d ev e lo p in g  
a l te r n a t iv e s  fo r  a r e a l  p r o je c t  i t  would be h e lp f u l  to  in c lu d e  th e  r e le v a n t  
dim ensions  fo r  each NED component, for  in s t a n c e ,  the number o f  a c r e s  covered  
by the f lo o d  c o n t r o l  component, th e  amount o f  power which can be s u p p l i e d ,  
the s i z e  o f  th e  r e s e r v o ir  or whatever w i l l  be b u i l t  fo r  w ater s u p p ly ,  and
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TABLE 3 : BENEFICIAL AND ADVERSE EFFECTS FOR A PLAN
(USE ADDITIONAL TABLES FOR EACH ALTERNATIVE PLAN)
N a tio n a l  Economic Development
Components Measures o f  e f f e c t s
B e n e f i c i a l  e f f e c t s :
A. The v a lu e  o f  in c r e a se d  o u tp u ts  o f  goods 
and s e r v i c e s .  Examples in c lu d e :
(1 )  Flood c o n t r o l ------------------------------------------------------------------------------$ 1 ,0 0 0 .0 0 0
(2 )  Power-------------------------------------------------------------------------------------------- 1 ,0 0 0 ,0 0 0
(3 )  Water Supply-------------------------------------------------------------------------------  1 ,0 0 0 ,0 0 0
(4) I r r i g a t i o n -----------------------------------------------------------------------------------  1 ,0 0 0 ,0 0 0
(5 )  R e c r e a t io n -----------------------------------------------------------------------------------  1 ,0 0 0 ,0 0 0
(6) Use o f  labor  r e so u r c e s  o th e r w ise  unemployed 
or underemployed in  c o n s tr u c t io n  or
i n s t a l l a t i o n  o f  the p la n ---------------------------------------------------------  1 ,0 0 0 ,0 0 0
B. The v a lu e  o f  output r e s u l t i n g  from e x te r n a l  econom ies.
Examples in c lu d e :
(1 )  Economies o f  s c a l e  in  subsequent p r o c e s s in g ----------------------  1 ,0 0 0 ,0 0 0
(2 )  Reduced t r a n s p o r ta t io n  c o s t s  as r e s u l t  of
road r e l o c a t i o n --------------------------------------------------------------------------  1 ,0 0 0 ,0 0 0
T ota l  b e n e f i c i a l  e f f e c t s ---------------------------------------------------------  3 ,0 0 0 ,0 0 0
Adverse e f f e c t s :
A. The v a lu e  o f  r e so u r c e s  req u ired  fo r  a p lan .  Examples in c lu d e :
(1 )  P r o je c t  c o n s t r u c t io n  and OM&R-----------------------------------------------  3 ,0 0 0 ,0 0 0
(2 )  P r o je c t  pumping power--------------------------------------------------------------  1 ,0 0 0 ,0 0 0
(3 )  Labor re so u rces  d isp la y e d  and su b se q u e n t ly  unemployed  500 ,000
B. L o sses  in  output r e s u l t i n g  from e x te r n a l  d isecon om ies .
Examples in c lu d e :
(1 )  D iseconom ies o f  s c a l e  in  subsequent p r o c e s s in g  fo r
d is p la c e d  a c t i v i t i e s ----------------------------------------------------------------- 500 ,000
(2 )  Increased  t r a n s p o r ta t io n  c o s t s  a s  r e s u l t  o f  road
r e l o c a t i o n -----------------------------------------------------------------------------------  1 ,0 0 0 ,0 0 0
T o t a l  a d v e r s e  e f f e c t s ------------------------------------------------------------------  6 , 0 0 0 , 0 0 0
Net b e n e f i c i a l  e f f e c t s ------------------------------------------------------------------------  2 ,0 0 0 ,0 0 0
Source: P r i n c ip l e s  and S ta n d a rd s , 1973
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TABLE 4 : BENEFICIAL AND ADVERSE EFFECTS FOR A PLAN
(USE ADDITIONAL TABLES FOR EACH ALTERNATIVE PLAN)
Environmental Q u a lity
Components
B e n e f i c i a l  and adverse  e f f e c t s :
A. Open and green  s p a c e ,  w ild  
and s c e n ic  r i v e r s ,  la k e s  
beaches ,  s h o r e s ,  mountains  
and w i ld e r n e ss  a r e a s ,  e s t u a r i e s ,  
and o th e r  a rea s  o f  n a tu r a l  
beauty .
Measures o f  e f f e c t s
Example in c lu d e  :
1. Create la k e  w ith  3 ,5 0 0  s u r fa c e  a c r e s ,
70 m i le s  o f  s h o r e l i n e ,  and depth of  
80 f e e t ,  w ith  h igh  q u a l i t y  water and 
e x c e l l e n t  a c c e s s .
2. Create 600 a c r e s  o f  open and green space  
alon g  c r e e k ,  1 ,0 0 0  to  1 ,500  f e e t  w id e , w ith  
good a c c e s s  and lo c a te d  4 m i le s  from c i t y .
3. Inundate 3 , 5 0 0  a c r e s  o f  open and green  
green s p a c e .  10 m i le s  long  and 1 /2 -m ile  
w id e , lo c a t e d  a lo n g  stream and near c i t y .
B. A r c h e o lo g ic a l ,  h i s t o r i c a l  
b i o l o g i c a l ,  and g e o l o g i c a l  
r eso u rces  and s e l e c t e d  e c o l o g i c a l  
system s.
C. The q u a l i t y  o f  w a te r ,  lan d ,  
and a i r  r e s o u r c e s .
Example in c lu d e :
1. P reserve  r e c o g n iz e d  h i s t o r i c a l  arch eo­
l o g i c a l  f e a t u r e  and enhance a c c e s s  to  
f e a t u r e .
2 .  Enhance w i l d l i f e  h a b i t a t  by a c q u i s i t i o n  of  
500 a c r e s  mixed f o r e s t ,  p a s tu re la n d ;  con­
s t r u c t i o n  o f  th r e e  sm a ll  ponds w ith  50 
su r fa c e  a c r e s  ex p ec ted  to  m ainta in  duck 
and pheasant p o p u la t io n  o f  5 ,0 0 0  and
10 ,000  b ir d s  r e s p e c t i v e l y .
3. D isrupt 3 ,0 0 0  a c r e s  o f  w i l d l i f e  h a b i t a t  due 
to  i n t e r i o r  a c c e s s  roads and a d ja cen t  p ic n ic l  
in g  and camping s i t e s ,  w ith  p o s s i b l e  decreas*  
in  d eer ,  p h e a sa n t ,  and duck p o p u la t io n .
Example in c lu d e :
1. Meet S t a t e  w ater  q u a l i t y  s tan d ard s  over  
200 m i le s  o f  stream  below r e s e r v o ir .
2. Enhance e s t h e t i c  ap p ea l o f  land a d ja cen t  
to  r e s e r v o i r  by s e l e c t e d  c l e a r i n g  and 
enhance v i s u a l  enjoyment by unique d e s ig n  
and l o c a t i o n  o f  a c c e s s  r o a d s .
3. Prevent e r o s io n  by p r o v i s io n  o f  500 a c r e s  of  
gra ssed  waterways and im plem entation  o f  
crop r o t a t i o n  p r a c t i c e s  on 5 ,0 0 0  a c r e s  o f  
land .
4 . In c r e a se  s a l t  c o n c e n tr a t io n  over  50 m i le s  
of stream from X p .p .m . to  Y p .p .m . due 
to  s a l t  load  in  re tu rn  f lo w s .
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TABLE 4: BENEFICIAL AND ADVERSE EFFECTS FOR A PLAN
(USE ADDITIONAL TABLES FOR EACH ALTERNATIVE PLAN) (Continued)
5. In c r e a se  e r o s io n  over  2 ,0 0 0  a c r e s  due 
to  a c c e s s  road borrow p i t s  and denuded  
r e c r e a t io n  s i t e s  a s  a r e s u l t  o f  expected  
con cen tra ted  u se ;  s i l t  downstream of  
r e s e r v o ir  e s t im a te d  to  in c r e a s e  X ton s  
per year .
D. I r r e v e r s i b l e  commitments of  
r e so u r c e s  to  fu tu r e  u s e s .
Example in c lu d e :
1. P reserve  low c o s t  r e s e r v o ir  s i t e  by 
recommending development o f  w e l l  f i e l d  
f o r  m unic ipa l  water supply  a t  s l i g h t l y  
g r e a te r  c o s t  t o  th e  n a t io n a l  economic 
development o b j e c t i v e .
2 . R eserv o ir  i s  t o  be lo c a te d  a t  s i t e  w ith  
some unique s p e c i e s  of  p la n t s  and w i ld e r ­
n e s s  q u a l i t i e s  due to  l im i t e d  a c c e s s  but 
which i s  a v e r y  e f f i c i e n t  r e s e r v o i r  s i t e .
Source: P r i n c i p l e s  and Standards 1973.
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so f o r t h .  The a c t u a l  d i s p la y  o f  acco u n ts  in government agency p lan n in g  
documents tends to  be much more complex than the o v e r s im p l i f i e d  v e r s io n  
in T ab les  3 and 4.
A fte r  th e s e  a c c o u n ts  are  com pleted the  p r o c e s s  of u s in g  th e  s o r t  
ch a r ts  can occur and th e  e l im in a t io n s  and i t e r a t i o n s  performed u n t i l  a 
v ia b le  p lan i s  s e l e c t e d .  At t h i s  p o i n t ,  i t  i s  i n d ic a t e d  in  the  P r i n c i p l e s  
and Standards th a t  th e  p lanners should  d i s p la y  th e  d i f f e r e n c e s  between  
the s e l e c t e d  plan and th e  r e j e c te d  a l t e r n a t i v e s .  Table 5 i s  th e  example  
g iv en  in  the P r i n c i p l e s  and Standards to  i l l u s t r a t e  t h i s  p roced u re . S ince  
t h i s  Coarse Sort System d e a l s  w ith  th e  s o r t  c h a r ts  r a th e r  than the  a c c o u n ts ,  
t h i s  l a s t  a s p e c t  o f  t h e  procedure , i . e . ,  d i s p la y in g  th e  d i f f e r e n c e s  between  
the p lans in an a c c o u n t ,  i s  not i l l u s t r a t e d  in  th e  example which f o l l o w s .
The t a b le s  which d e f i n e  each a l t e r n a t i v e  do c o n ta in  the d i f f e r e n c e s ,  however.
A p p l ic a t io n  o f  th e  Coarse Sort System
In order to  i l l u s t r a t e  the Coarse Sort System and use of  th e  s o r t  c h a r t s ,  
a h y p o t h e t i c a l  r e s e r v o i r  p r o je c t  w i l l  be s t u d ie d .  The p r o je c t  i s  based on 
one proposed fo r  Arcadia  Lake, Deep Fork R iv er ,  Oklahoma by the  T u lsa  D i s t r i c t  
of th e  Corps o f  E n g in e e r s .  Only the e lem ents  of  the  p r o je c t  d i r e c t l y  r e la t e d  
to  the Coarse Sort procedure w i l l  be d esc r ib e d  such a s  the amount o f  water  
s to r e d  and th e  t o t a l  c o s t  o f  the p r o j e c t .  In o th er  w ords, th e  s p e c i f i c  d e s ig n  
s p e c i f i c a t i o n s  o f  a dam w i l l  not be c o n s id e r e d .
The p r o j e c t  o r i g i n a l l y  c a l l e d  f o r  one m u lt ip u rp ose  r e s e r v o ir  but o ther  
a l t e r n a t i v e s  were exam ined. The d a ta  a v a i l a b l e  f o r  th e  p r o j e c t  i s  not  
s u f f i c i e n t  t o  i l l u s t r a t e  the  Coarse S ort  System s o  some of i t  h a s  b e e n
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TABLE 5: SUMMARY COMPARISON OF TWO ALTERNATIVE PLANS 
(USE ADDITIONAL TABLE FOR EACH RELEVANT COMPARISON)
Account Plan B Recommended p lan
D if fe r e n c e (r e c o m ­
mended p lan  minus 
Plan B)
N a t io n a l  Economic Development:
B e n e f i c i a l  e f f e c t s ------------
A dverse e f f e c t s -----------------
Net b e n e f i c i a l  e f f e c t s -----
$ 5 ,0 0 0 ,0 0 0
5 ,0 0 0 ,0 0 0
0
$ 8 ,0 0 0 ,0 0 0
6 ,0 0 0 ,0 0 0
2 ,0 0 0 ,0 0 0
+ $ 3 ,0 0 0 ,0 0 0  
+  1 ,0 0 0 ,0 0 0  
+ 2 ,0 0 0 ,0 0 0
Environmental Q u a l i t y :
(Use same component s tu b s  fo r  
b e n e f i c i a l  and adverse  e f f e c t s  
a s  i l l u s t r a t e d  in  Tabic A . Ex­
amples f o l l o w . )
B e n e f i c i a l  and a d verse  e f f e c t s :  
A. Open and green  sp a c e ,  
la k e s A. C reate  lake  
w ith  3 ,0 0 0  
su r fa c e  a c r e s ,  
60 m i l e s  of  
s h o r e l in e  and 
depth o f  70 
f e e t  w ith  h igh  
q u a l i t y  water  
and e x c e l l e n t  
a c c e s s
A. Create la k e  
w ith  3 ,5 0 0  
s u r fa c e  a c r e s ,  
70 m i le s  o f  
s h o r e l in e  and 
depth o f  80  
f e e t  w ith  h igh  
q u a l i t y  w ater  
and e x c e l l e n t  
a c c e s s .
A. C reate la r g e r  
la k e  by 500 su r ­
f a c e  a c r e s ,  10 
m ile s  o f  sh ore­
l i n e  and 10 
f e e t  o f  depth .  
E ith e r  plan would  
have h ig h  q u a l i t y  
w ater  and e x c e l l e n t  
a c c e s s .
B. A r c h e o lo g ic a l  r e so u r c e s : B. Inundate  
recogn ized  
h i s t o r i c a l  
a r c h e o lo g ic a l  
f e a t u r e .
Inundate 3 ,5 0 0  
a c r e s  o f  open  
and green  
sp a c e ,  10 m i le s  
long  and 1 /2  
m ile  w id e ,  
l o c a t e d  a lo n g  
stream and 
near c i t y .
Inundate 3 ,500  
a c r e s  o f  open and 
green  s p e c e ,  10 
m ile s  lo n g  and 
1 /2  m i le  w ide,  
l o c a t e d  a long  s t r e :  
and near c i t y .
B. Do n o t  inundate  
r e c o g n iz e d  h i s ­
t o r i c a l  a r c h e o lo g i  
f e a t u r e .
S ou rce:  P r i n c i p l e s  and S tan d ard s , 1973.
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f a b r ic a t e d * .  The components which are used fo r  t h i s  study fo r  purposes  
of comparison are  the  a c r e - f e e t  of  w ater  s to r e d  fo r  v a r io u s  purp oses ,  
th e  water supply  y i e l d ,  su r fa c e  a cres  f o r  r e c r e a t i o n ,  a c r e s  o f  f lo o d  p la in  
p r o t e c t e d ,  t o t a l  p r o je c t  costs, t o t a l  avera g e  annual b e n e f i t s ,  net annual 
b e n e f i t ,  the  s i z e  of the dams and s p i l l w a y s ,  and a d e l i n e a t i o n  o f  th e  
b e n e f i c i a l  and ad verse  e f f e c t s  r e la t e d  t o  env ironm enta l q u a l i t y .  T ab les  
7 through 14 b r i e f l y  l i s t  the  components of  th e  v a r io u s  a l t e r n a t i v e s  
co n s id e r e d  f o r  th e  Arcadia p r o je c t  and the  b e n e f i c i a l  and adverse  e f f e c t s  
a s s o c ia t e d  w ith  them. The r e s u l t s  are d is p la y e d  on so r t  c h a r ts  and a 
d i s c u s s i o n  o f  how to use them f o r  t h i s  p r o j e c t  accompanies th e  c h a r t s .
4
The Arcadia Lake P r o je c t
A w ater r e so u r c e s  p r o je c t  was planned fo r  th e  Arcadia  area  of  th e  
Deep Fork River  in  n o r th e a s t  Oklahoma County. I t s  purposes are to  p ro v id e  
w ater  s u p p ly ,  f lo o d  c o n t r o l ,  and r e c r e a t i o n a l  o p p o r t u n i t i e s .  The r e a so n s  
g iv e n  fo r  d ev e lo p in g  the p r o j e c t  are  t r a d i t i o n a l .  The nearby c i t y  o f  
Edmond had ex p er ien ced  a 95 percen t  growth in  p o p u la t io n  between 1960 
and 1970, annual f lo o d  damages fo r  the Deep Fork River a rea  are $ 1 ,1 8 6 ,1 9 0 ,  
and 66 ,800  a c r e s  of f lo o d  p la in  are  su b je c t  to  p e r io d ic  in u n d a t io n .
Edmond's p r e se n t  water supply comes from 22 w e l l s ,  which can p rov id e  f i v e  
m i l l i o n  g a l lo n s  a day (mgd). Many of t h e s e  w e l l s  are o ld  and i n e f f i c i e n t .  
The r a te  o f  p op u la t io n  growth in  th e  a r e a ,  and the  need fo r  replacem ent
* F a b r ica ted  d ata  i s  denoted by an a s t e r i s k .
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w ater  s u p p l i e s ,  n e c e s s i t a t e s  some method f o r  su p p ly in g  w a ter  from a su rface
w ater  f a c i l i t y .  The a d d i t i o n a l  b e n e f i t s  from f lo o d  c o n t r o l  and r e c r e a t io n
in c lu d ed  i n  some o f  th e  a l t e r n a t i v e s  are  a bonus fo r  th e  a r e a .
E ight a l t e r n a t i v e s  are  l i s t e d  in c lu d in g  th e  no a c t i o n  p la n .  They are
A l t e r n a t i v e  A -  M ainsten  Lake on th e  Deep Fork R iver
A l t e r n a t i v e  B -  Downstream Mainstem Lake on the Deep Fork R iver
A l t e r n a t i v e  C -  T r ib u ta ry  Water Supply and R e c r e a t io n a l  Lakes on C offee  
and Captain Creeks
A l t e r n a t i v e  D -  Dry Lake in  C onjunction w ith  T r ib u ta ry  Water Supply  
and R ec r e a t io n  Lakes
A l t e r n a t i v e  E -  T r ib u ta ry  M ultipurpose  Lakes on C o f fe e  and Captain Creeks
A l t e r n a t iv e  F -  L evees  in  C onjunction  w ith  the  Two T r ib u ta ry  Water Supply  
and R ec r e a t io n  Lakes
A l t e r n a t iv e  G -  Flood P la in  A c q u is i t io n  in  C onjunction  w ith  th e  Two 
T rib u ta ry  Water Supply and R e crea t io n  Lakes
A l t e r n a t i v e  H -  No a c t i o n .
Table 6 c o n t a in s  co n p a r iso n  in fo r m a t io n  f o r  a l l  o f  th e  p la n s .  Of
the  e ig h t  p la n s  s u g g e s t e d ,  o n e ,  th e  no a c t i o n  a l t e r n a t i v e ,  has no water
supply  f u n c t i o n ,  fo u r  have no f l o o d  c o n t r o l  s t o r a g e .  The methods used by
the Corps o f  E n g in e e r s  t o  c a l c u l a t e  b e n e f i t s  and c o s t s  r e s u l t e d  in  p o s i t i v e
net b e n e f i t s  f o r  o n ly  one o f  th e  a l t e r n a t i v e s .  This problem  can b e  overcome,
as  f a r  a s  d e c is io n -m a k in g  i s  con cern ed , by th e  paragraph i n  th e  P r in c ip le s
and Standards which s t a t e s :
A reconmended plan  must have n e t  n a t i o n a l  economic development  
b e n e f i t s  u n le s s  the  d e f i c i e n c y  in  n e t  b e n e f i t s  f o r  th e  n a t io n a l
economic developm ent o b j e c t i v e  i s  th e  r e s u l t  o f  b e n e f i t s  foregone
or a d d i t i o n a l  c o s t s  in cu rred  t o  s e r v e  th e  en v iro n m en ta l  q u a l i t y  
o b j e c t i v e .  In such c a s e s ,  a p lan  w ith  a  l e s s  than u n i t y  b e n e f i t -  
c o s t  b a la n c e  may be recommended as  lo n g  as  the  n e t  d e f i c i t  does  
not exceed  th e  b e n e f i t s  fo reg o n e  and th e  a d d i t i o n a l  c o s t s  incurred  
fo r  th e  en v iro n m en ta l  q u a l i t y  o b j e c t i v e .  A D epartm ental S e cre ta ry  
or head o f  an  independent agency  may make an e x c e p t io n  t o  th e  net





























A 96,340 27,100 63,040 3157 10.8 23,470 93,200 41,987 6000
Alternative
B 126,730 32,760 85,290 4214 14.8 20,170 -128,800 56,253 7600
Alternative
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Source: U.S . Dept, of the Army. 1975b. Draft ,. . environmental Impact statement, Arcadia Lake...
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b e n e f i t s  r u le  i f  he  d eterm ines  t h a t  c ircu m sta n ces  unique to  the  
p lan  form u la t io n  p r o c e s s  warrant such e x c e p t i o n .
There are many areas  o f  a g r i c u l t u r a l  land i n  t h e  dra inage  area
o f  the p r o je c t  and runoff  from t h i s  land w i l l  cau se  a e u tr o p h ic a t io n
problem i n  any r e s e r v o i r  on th e  Deep Fork R iv e r .  Urban ru n off  i s  a l s o  
c o n tr ib u te d  to  th e  r i v e r  from Oklahoma C ity .
A lthough th e r e  are o th e r  r e c r e a t i o n a l  la k e s  and parks i n  th e  Oklahoma 
C ity  a r e a ,  on ly  one of them i s  i n  t h i s  v i c i n i t y  of  th e  County. The Deep 
Fork R iv e r  i s  used fo r  f i s h i n g  now but th e  o p p o r t u n i t i e s  f o r  both f i s h i n g  
and h u n t in g  w i l l  be in crea sed  by a l a k e  p r o j e c t .  The p la n s  in c lu d ed  a 
p r o v is io n  fo r  f i s h  and w i l d l i f e  management.
An adverse  e f f e c t  of  any o f  the  a l t e r n a t i v e s  which in c lu d e  e i t h e r  one 
or two la k e s  i s  th e  n e c e s s i t y  t o  move p o r t io n s  o f  major roadways, s p e c i f i c a l l y  
two i n t e r s t a t e s .  I t  w i l l  a l s o  be n e c e s s a r y  to  move r a i l r o a d  l i n e s  fo r  
A l t e r n a t iv e s  A, B, and D.
The two lake system  p r o v id e s  l e s s  w ater  f o r  s u p p ly  and r e c r e a t io n ,  and 
Captain Creek i s  fu r t h e r  from Edmond, which needs  t h e  w a te r ,  than th e  la r g e r  
r e s e r v o i r .  This sy stem  w i l l  p ro v id e  c le a n e r  w ater  b ecause  th e  t r i b u t a r i e s  
a re  l e s s  s u b j e c t  t o  d egradation  o f  w a te r  q u a l i t y  th an  the  Deep Fork River  
i t s e l f .
The large  r e s e r v o ir  a l t e r n a t i v e s  w i l l  d e s tr o y  a s c h o o l  d i s t r i c t  and 
inundate  45 homes, 50 g r a v e s ,  and t h r e e  a r c h e o l o g i c a l  s i t e s .  The sm a ller  
t r i b u t a r i e s  w i l l  inundate  a cemetary and d i s p la c e  20 f a m i l i e s *  and C offee  
Creek w i l l  cover s i x  o i l  and gas  w e l l s .  They w i l l  n o t  d isr u p t  th e  sc h o o l  
d i s t r i c t ^
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The en v ironm enta l  e f f e c t s  o f  the  a l t e r n a t i v e s  a r e  l i s t e d  on T ab les  7 
through 14. The more s i g n i f i c a n t  a s p e c t s  are  th e  l o s s  o f  t e r r e s t r i a l  
h a b i t a t ,  the a d d i t i o n a l  a q u a t ic  h a b i t a t  which w i l l  e n la r g e  th e  w in te r in g  
ground fo r  th e  r a re  p ereg r in e  f a l c o n ,  some e r o s io n  c o n t r o l  and some e r o s io n  
damage, and s t a b i l i t y  o f  the  downstream ecosystem  i f  f lo o d in g  i s  c o n t r o l l e d .
Two s i m p l i f i e d  s o r t  ch a r ts  f o r  th e  Arcadia  p r o j e c t  are i n  T ab les  15 
and 1 6 ,  one fo r  each o b j e c t i v e .  The ranks were taken  from th e  in fo rm a tio n  
in  the  comparison t a b le  fo r  water su p p ly ,  f l o o d  p r o t e c t i o n ,  r e c r e a t i o n ,  
t e r r e s t r i a l  h a b i t a t  and a q u a t ic  h a b i t a t .  Among the  numbers, one i s  good 
and e ig h t  i s  bad. The EQ rankings were done on a " l e a s t  d e s t r u c t iv e "  or  
"most c r e a t iv e "  b a s i s .  For t e r r e s t r i a l  h a b i t a t  two rankings were summed 
to  o b ta in  th e  t e r r e s t r i a l  rank ing . The two components used were t o t a l  
s to r a g e  w ith  th e  most a c r e - f e e t  taken  a s  th e  most d e s t r u c t i v e ,  and f lo o d  
p r o t e c t i o n ,  w ith  the  most a cres  p r o te c te d  taken  as th e  l e a s t  d e s t r u c t i v e .
The r e s u l t s  o f  t h i s  procedure were as  f o l lo w s  in  Table 17.
Water q u a l i t y  was judged from th e  d e s c r i p t i o n s  g iv en  w ith  th e  a l t e r n a ­
t i v e s .  The two t r ib u t a r y  la k es  are  in  l e s s  u rb an ized  a rea s  and have c le a n e r  
water than la k e s  d i r e c t l y  on the Deep Fork R iv er .  A r c h e o lo g ic a l  r e so u r c e s  
were, fo r  t h i s  i n s t a n c e ,  a g u e s s ,  s i n c e  th e  o n ly  in fo rm a tio n  g iv e n  on them 
in the  p r o je c t  s t a t e d  th a t  A l t e r n a t iv e  A would inundate  th ree  o f  th e  16 in  
th e  a r e a .  In crea sed  growth was based on w ater  su p p ly  and f lo o d  p r o t e c t io n  
by exam ining th e  two columns on th e  comparison t a b l e .
The comparison o f  the rankings on the th e  two c h a r t s  i s  shown in  
Table 18. I t  i s  a t  t h i s  p o in t  t h a t  t r a d e - o f f s  and compromises b e g in .  
Examination o f  th e  r e s u l t s  would s u g g e s t  t h a t  in  terms o f  th e  o b j e c t i v e s  
f o r  w ater  s u p p ly ,  f lo o d  c o n tr o l  and r e c r e a t i o n .  A l t e r n a t iv e  H sh ou ld  be
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TABLE 7 
PLAN A - MAINSTEM LAKE
96,340
6 3 ,0 4 0
2 7 ,1 0 0
6,200
1 0 .8  mgd
3,160
2 3 ,4 7 0
$ 4 1 .9 8 7 ,0 0 0
$ 2 ,6 9 8 ,1 0 0
$ 9 3 ,2 0 0
T ota l  Acre Feet o f  S torage  
co n s e r v a t io n  pool  
f lo o d  c o n tr o l  pool  
sediment r e se r v e
Yield
Surface  Areas fo r  R ecrea t ion  
Flood P la in  P r o t e c t i o n ,  Acres  
T ota l  P r o je c t  Costs  
T o ta l  Average Annual B e n e f i t s  
Net Annual B e n e f i t
Dam S iz e :  600 f e e t ;  200 f o o t  s p i l lw a y
B e n e f i c ia l  E f f e c t s
1. f lo o d  p la in  p r o t e c t io n
2. prov ide  r e c r e a t io n  o p p o r t u n i t i e s
3. in c r e a s e  the  s i z e  o f  th e  a q u a t ic  h a b i t a t
4. enhance the w in te r  range o f  th e  rare  p e r e g r in e  f a lc o n
5. d e crea se  stream  t u r b id i t y
6. reduce downstream channel e r o s io n
7. in c r e a s e  f i s h i n g  and h u n tin g  o p p o r t u n i t i e s
8. prov ide  a h ig h e r  l e v e l  of  w atershed  c o n t r o l  from land a c q u i s i t i o n
and reduced a r t i f i c i a l  and n a tu ra l  p o l l u t i o n
9. improve downstream w ater  q u a l i t y  by r e d u c in g  m e ta ls  and n u t r i e n t s
10. s t a b i l i z e  downstream h a b i t a t s  and d ev e lo p  downstream e c o l o g i c a l  
c lim ax  communities
11. c r e a te  an a e s t h e t i c  la k e
12. induce a h ig h e r  q u a l i t y  o f  w i l d l i f e  h a b i t a t  a d ja c e n t  to  th e  lake
13. in c r e a s e  the  q u a n t i ty  o f  s u r fa c e  w ater  s to r a g e
14. in c r e a s e  p rop erty  v a lu e s  i n  th e  area
15. encourage p o p u la t io n ,  b u s in e s s  and econom ic growth
16. reduce upstream e r o s io n
17. reduce p o t e n t i a l  f o r  downstream f lo o d  induced  e r o s i o n .
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TABLE 7 PLAN A -  MAINSTEM LAKE (Continued)
Adverse E f f e c t s
1 .  d e s t r o y  t e r r e s t r i a l  h a b i t a t s
2 .  l o s s  o f  a g r i c u l t u r a l  land
3. e r o s io n  by wave a c t i o n ,  on the s h o r e l i n e  and downstream below th e  
dam
4 . c r e a t e  e u tr o p h ic  c o n d i t io n s  in  th e  la k e  due t o  th e  p r e se n c e  o f
n u t r i e n t s ,  n o ta b ly  n i t r o g e n  and phosphorus , and to  th e  e f f e c t s
o f  l i g h t  and temperature
5 . i f  la k e  l e v e l  f l u c t u a t e s ,  upstream e r o s io n  w i l l  in c r e a s e
6. d eg ra d a t io n  t o  th e  la k e  and land area  by th e  in c r e a s e  in  v i s i t o r s  
fo r  r e c r e a t i o n  purposes
7. e x c e s s i v e  amounts o f  p h e n o ls ,  t o t a l  d i s s o lv e d  s o l i d s ,  c o l i f o r m s ,  
ammonia and manganese
8 . a e s t h e t i c  problems w ith  ir o n  and manganese
9 . therm al s t r a t i f i c a t i o n  w i l l  r e q u ir e  s e l e c t i v e  w ithdrawal
10 . r e l o c a t e  45 f a m i l i e s
1 1 .  in u n d ate  50 graves
1 2 .  in u n d ate  a s c h o o l  d i s t r i c t ,  and p o s s i b l y  one b u i ld in g ;  i t  w i l l  
have to  c e a s e  fu n c t io n in g
13 . in u n d ate  1 2 .4  m ile s  o f  r i v e r ;  1 6 .2  m i l e s  when f lo o d  p o o l  i s  f u l l
14 .  r e l o c a t e :  3 .82  m i le s  o f  highways and roads
6 .2 1  m i le s  o f  r a i l r o a d s
1 1 .8  m i le s  o f  o i l  and gas p i p e l i n e s  ,u t i l i t i e s
15. in u n d ate  3 a r c h e o lo g ic a l  s i t e s
16 . con ta m in a t io n  o f  groundwater near la k e  due to  s t r a t i f i c a t i o n
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TABLE 8
PLAN B -  MAINSTEM LAKE AT COFFEE CREEK-DOVTOSTBEAM
T o ta l  Acre F ee t  o f  S to ra g e  126 ,7 3 0
c o n s e r v a t io n  p o o l  85 ,2 9 0
f lo o d  p o o l  32 ,760
sedim ent r e s e r v e  8 ,8 6 0
Y ie ld  1 4 .8  mgd
S u rfa ce  Acres f o r  R ec r e a t io n  4214
Flood P la in  P r o t e c t i o n ,  Acres 2 0 ,1 7 0
T o ta l  P r o je c t  C osts  $ 5 6 ,2 5 3 ,0 0 0
T o ta l  Average Annual B e n e f i t s  $ 3 ,3 0 2 ,2 0 0
Net Annual B e n e f i t  $ 128 ,800
Dam S iz e :  7600 f e e t ;  300 f o o t  sp i l lw a y
B e n e f i c i a l  E f f e c t s
1 . same a s  A l t e r n a t i v e  A numbers I  through 17, and
2 .  b e t t e r  w ater  q u a l i t y  in  th e  lake and downstream because  C o ffee  
Creek i s  c l e a n e r
Adverse E f f e c t s
1 .  d e s t r o y s  more t e r r e s t r i a l  h ab ita t  (than A l t e r n a t i v e  A)
2 .  l o s s  o f  more a g r i c u l t u r a l  land inundated than A l t e r n a t iv e  A
3 . l o s s  o f  3 o i l  and gas w e l l s
4 .  same a s  A l t e r n a t iv e  A numbers 1 ,  3 through 9 ,  11 through 13,
15 and 16.
5 .  r e l o c a t e  40 f a m i l i e s *
6 . r e l o c a t e  3 m i le s  o f  highways and roads*
8 m i le s  o f  r a i lr o a d s*
12 m i le s  o f  o i l  and gas  p i p e l i n e s *
7 . inundate  2 a r c h e o lo g ic a l  s i t e s *
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table 9
PLAN C -  TRIBUTARY WATER SUPPLY AND RECREATION LAKES ON 
COFFEE AND CAPTAIN CREEKS
T o ta l  Acre Feet o f  S torage  5 7 ,4 8 0
c o n s e r v a t io n  p o o l s  5 2 ,3 5 0
f lo o d  c o n t r o l  p o o l s  None
sedim ent r e s e r v e s  5 ,1 3 0
Y ie ld  8 .0  mgd
Su rface  A cres  R ec r e a t io n  3115
Flood P la in  P r o t e c t i o n ,  Acres None
T o ta l  P r o j e c t  C osts :  $ 4 1 ,9 9 0 ,0 0 0
T o ta l  Average Annual B e n e f i t s  $ 1 ,9 1 5 ,5 0 0
Net Annual B e n e f i t  $ 763 ,800
Dam S i z e s :  3700 f e e t  and 4600 f e e t ;  one 100 f o o t  s p i l lw a y
B e n e f i c i a l  E f f e c t s
1. env ironm enta l  e f f e c t s  s im i la r  t o  A l t e r n a t i v e s  A and B, numbers 1 through  
17, and
2. b e t t e r  w ater  q u a l i t y  in the la k e  on C o ffee  Creek
3. l e s s  t e r r e s t r i a l  h a b i t a t  l o s s
4. w i l l  encourage growth but t o  a l e s s e r  e x t e n t  than A l t e r n a t iv e s  
A and B
5. b e n e f i c i a l  e f f e c t s  o f  r e c r e a t io n  and w ater  su p p ly  l e s s  than  
A l t e r n a t i v e s  A and B
6. l e s s  a q u a t ic  h a b i t a t  crea ted  than in  A l t e r n a t i v e s  A and B
Adverse E f f e c t s
1. env ironm enta l e f f e c t s  s im i la r  t o  A l t e r n a t i v e s  A and B , numbers 1 through  
9 ,  and
2 . Captain Creek i s  fu r t h e r  from an urban area
3. have t o  cap 7 o i l  and gas w e l l s *
4. no f lo o d  p r o t e c t io n
5. no e r o s io n  c o n t r o l  downstream
6. r e l o c a t e  30 f a m i l i e s *
7. r e l o c a t e  p i p e l i n e s , u t i l i t i e s *
8 . r e l o c a t e  12 m i le s  o f  roads*
9. r e l o c a t e  a cemetary*
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TABLE 10
PLAN D -  DRY LAKE IN SAME LOCATION AS ALTERNATIVE A WITH
TWO TRIBUTARY LAKES FOR WATER SUPPLY AND RECREATION 
AS IN ALTERNATIVE C
T o ta l  Acre F eet  of  S torage 9 0 ,7 8 0
c o n s e r v a t io n  p o o ls  5 2 ,3 5 0
f lo o d  c o n t r o l  p oo l 2 7 ,1 0 0
sedim ent r e se r v e  5 ,1 3 0  (2 la k e s )  6200 (dry lak e)
Y ie ld  8 .0  mgd
S u rface  Acres f o r  R ecrea t ion  3115
Flood P la in  P r o t e c t io n ,  A cres 2 3 ,4 7 0
T o ta l  P r o je c t  C osts  $ 6 7 ,9 1 1 ,0 0 0
T o ta l  Average Annual B e n e f i t s  $ 2 ,1 9 6 ,5 0 0
Net Annual B e n e f i t  $ - 2 ,0 7 6 ,1 0 0
Dam S i z e :  4700 f e e t  f o r  th e  dry la k e ;  200 f o o t  s p i l lw a y
3700 f e e t  and 4600 f e e t ,  one 100 f o o t  s p i l lw a y
B e n e f i c i a l  E f f e c t s
1. s i m i l a r  to  A l t e r n a t iv e  C and A l t e r n a t iv e  A, numbers 1 through 17, and
2. adds f lo o d  p r o t e c t io n
3. i n c r e a s e s  eu ryhydric  s p e c i e s
4 .  red u ces  channel e r o s io n
Adverse E f f e c t s
1. same adverse  e f f e c t s  a s  A l t e r n a t i v e  C fo r  th e  two la k e s
2 . same a s  A l t e r n a t iv e  A. numbers 1 through 9 ,  and
3. no permanent f lo o d  p o o l
4 .  more freq u en t and in t e n s e  w ater  f l u c t u a t i o n s
5 .  no s t a b l e  a q u a t ic  or t e r r e s t r i a l  sy stem  w ith  dry la k e
6. c r e a t e s  mud f l a t s ,  l e s s  a e s t h e t i c
7. o v e r a l l  g r e a te r  than a l t e r n a t i v e s  A, C, and C
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TABLE J1
PLAN E -  TWO TRIBUTARY MULTIPURPOSE LAKES ON COFFEE 
AND CAPTAIN CREEKS
T o ta l  Acre F eet  o f  S torage  78 ,360
c o n se r v a t io n  p o o ls  5 2 ,3 5 0
f lo o d  c o n tr o l  p o o ls  2 0 ,8 0 0
sedim ent r e s e r v e  5 ,1 3 0
Y ie ld  8 .0  mgd
S u rface  A cres fo r  R ecrea t ion  3115
Flood P la in  P r o t e c t io n ,  Acres 2 3 ,4 7 0  p a r t i a l
T o ta l  P r o je c t  Costs $ 4 5 ,5 5 0 ,0 0 0
T o ta l  Average Annual B e n e f i t s  $ 2 ,1 6 8 ,5 0 0
Net Annual B e n e f i t  $ -  777 ,900
Dam S iz e :  4700 f e e t  w ith  100 f o o t  s p i l lw a y ;  4000 f e e t
B e n e f i c i a l  E f f e c t s
1 . s im i la r  to  A l t e r n a t iv e  C , and
2 .  f lo o d  p r o t e c t io n  ( p a r t i a l )
3. reduce downstream ch annel e r o s i o n ,  but l e s s  than A l t e r n a t i v e s  A and B 
Adverse E f f e c t s
1 . same as A l t e r n a t iv e  C , and
2 .  l o s e  more t e r r e s t r i a l  h a b i ta t
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TABLE 12
PLAN F - LEVEES WITH TWO TRIBUTARY LAKES FOR WATER SUPPLY 
AND RECREATION ON COFFEE AND CAPTAIN CREEKS
Total Acre Feet of Storage 
conservation pools 
flood control pool 
sediment reserve
Yield
Surface Acres for Recreation







downstream for 6300 acres 
from levees for 8400 acres
T o ta l  P r o j e c t  C osts  $ 5 3 ,1 1 5 ,0 0 0
T o ta l  Average Annual B e n e f i t s  $ 2 ,0 8 0 ,4 0 0
Net Annual B e n e f i t  $ -  944 ,400
Dam S i z e :  3700 f e e t  w ith  a 100 f o o t  s p i l lw a y ;  4600 f e e t
B e n e f i c i a l  E f f e c t s
1 . same a s  A l t e r n a t iv e  C , and
2 . c r e a t e  w etlan d s
3. enhance water fo w l  h a b i t a t
4 .  added f lo o d  p r o t e c t io n  f o r  mainstream reach  o f  r i v e r  
Adverse E f f e c t s
1. same a s  A l t e r n a t iv e  C , and
2 . l e v e e s  change f lo w  c h a r a c t e r i s t i c  o f  r iv e r
3. l e v e e s  add to  peak f lo w  downstream
4. l o s s  o f  r iv e r  banks and s p e c i e s
5. in c r e a s e  upstream and downstream e r o s io n  due t o  c h a n n e l i z a t io n
6. In crea se  b r in e  p o l l u t i o n  from o i l  f i e l d s
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TABLE 13
PLAN G -  FLOOD PLAIN ACQUISITION WITH TWO TRIBUTARY LAKES 
ON COFFEE AND CAPTAIN CREEKS FOR WATER SUPPLY AND 
RECREATION
T o ta l  Acre Feet o f  S torage  
c o n s e r v a t io n  p o o l s  
f lo o d  c o n tr o l  p o o l  
sediment r e s e r v e s
Y ie ld
Surface  Acres fo r  R e c r e a t io n




5 ,1 3 0
8.0 mgd
3115
5860 in  f e e  
4420 in  easem ents
$ 5 7 ,7 8 8 ,0 0 0  
$ 2 ,0 7 8 ,6 0 0  
$ - 1 ,4 9 4 ,1 0 0
T o ta l  P r o je c t  Costs  
T o ta l  Average Annual B e n e f i t s  
Net Annual B e n e f i t  
Dam S iz e :  3700 f e e t  w ith  a  100 f o o t  s p i l lw a y ;  4600 f e e t
B e n e f i c i a l  E f f e c t s
1. same as  A l t e r n a t iv e  C, and
2. p reven t  l o s s e s  to  fu tu r e  s t r u c t u r e s ,  a g r i c u l t u r e  and land r e n t a l s
3. preven t  downstream f lo o d  damage
Adverse E f f e c t s
1. same as A l t e r n a t iv e  C , and
2. no in c r e a se d  land u t i l i z a t i o n
3. r e l o c a t e  p e o p le  in  h igh  hazard area
4. r e l o c a t e  or abandon a l l  commercial and i n d u s t r i a l  o p p o r tu n i t i e s
5. no crops or  l i v e s t o c k
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TABLE 14








None from a p r o j e c t  
None
T o ta l  S torage  in  Acre Feet  
c o n s e r v a t io n  p o o l s  
f lo o d  c o n tr o l  p o o l
Yield
S u rface  Acres for  R ecrea t ion  
Flood P la in  P r o t e c t i o n ,  Acres  
T o ta l  P r o je c t  Costs  
T o ta l  Average Annual B e n e f i t s  
Net Annual B e n e f i t s  
No Dams or S p il lw a y s  
B e n e f i c i a l  E f f e c t s
1 .  no in u n d at ion  o f  a g r i c u l t u r a l  and g r a z in g  lands
2 .  no l o s s  o f  t e r r e s t r i a l  h a b i t a t
3 . r e t a i n  n a t u r a l  s tream  beds
4 .  no r e l o c a t i o n  o f  f a m i l i e s ,  r o a d s ,  or g ra v es
5 .  r e t a i n  s c h o o l  d i s t r i c t
Adverse E f f e c t s
1. no f lo o d  c o n tr o l
2 .  no added r e c r e a t io n
3 .  no water supply
4 .  no in c r e a s e  in  a q u a t ic  h a b i t a t  f o r  th e  p eregr ine  f a lc o n
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P r o t e c t io n R ecrea t io n
In creased
Growth T otal Rani
A l t e r n a t iv e B 1 4 1 1 7 1
A l t e r n a t i v e A 2 2 .5 2 2 8 .5 2
A l t e r n a t iv e E 5 1 5 3 14 3
A l t e r n a t iv e D 5 2 .5 5 5 17 .5 4
A l t e r n a t iv e G 5 5 5 5 20 5
A l t e r n a t iv e F 5 6 5 5 21 6
A l t e r n a t iv e C 5 7 .5 5 7 .5 25 7
A l t e r n a t i v e H 8 7 .5 8 7 .5 31 8
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TABLE 16: ENVIRONMENTAL QUALITY SORT CHART FOR THE
ARCADIA LAKE PROJECT
Plan Name
T e r r e s t r ia l  A q uatic  
H a b ita t H a b ita t
Water Q u a lity  
o f Lakes
A r c h e o lo g ic a l
R esources T o ta l Rank
A lte r n a t iv e B 6 2 6 6 20 6
A lte r n a t iv e A 8 1 7 7 .5 2 3 .5 8
A lte r n a t iv e E 7 6 2 .5 3 .5 19 4 .5
A lte r n a t iv e D 3 .5 3 5 7 .5 19 4 .5
A lte r n a t iv e G 1 4 2 .5 3 .5 11 1
A lte r n a t iv e F 5 6 2 .5 3 .5 17 3
A lte r n a t iv e C 2 6 2 .5 3 .5 14 2
A lte r n a t iv e H 3 .5 8 8 1 2 0 .5 7
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TABLE 17: CALCULATIONS FOR TERRESTRIAL HABITAT
T o ta l S torage F lo o d  P r o te c t io n T o ta l Rank
A lte r n a t iv e  A 7 2 .5 9 .5 6
A lte r n a t iv e  B 8 4 12 8
A lte r n a t iv e  C 3 7 .5 1 0 .5 7
A lte r n a t iv e  D 6 2 .5 8 .5 3 .5
A lte r n a t iv e  E 5 1 6 1
A lte r n a t iv e  F 3 6 9 5
A lte r n a t iv e  G 3 5 8 2
A lte r n a t iv e  H 1 7 .5 8 .5 3 .5
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TABLE 18: COMPARED RANKINGS





A lte r n a t iv e  A 2 8
A lte r n a t iv e  E 3 4 .5
A lte r n a t iv e  D 4 4 .5
A lte r n a t iv e  G 5 1
A lte r n a t iv e  F 6 3
A lte r n a t iv e  C 7 2
A lte r n a t iv e  H 8 7
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e lim in a te d . Of th e  rem ain ing  a l t e r n a t iv e s ,  E and D have s im ila r  rank ings  
fo r  both th e  NED and EQ o b j e c t iv e s  and would p robab ly  be th e  e a s i e s t  w ith  
which to  work.
A lte r n a t iv e  D in c lu d e s  a dry la k e  fo r  f lo o d  c o n tr o l  th e  s i z e  o f  
A lte r n a t iv e  A 's f lo o d  p oo l and th e  two tr ib u ta r y  la k e s  on C offee  and C aptain  
Creeks f o r  w ater su p p ly , l i k e  the la k e s  in  A lte r n a t iv e  C. A lt e r n a t iv e  E i s  
a v a r ia t io n  o f A lte r n a t iv e  C which adds f lo o d  c o n tr o l  p o o ls  to  th e  two 
la k es making them b e n e f i c i a l  fo r  a l l  p u rp oses: w ater su p p ly , f lo o d  c o n tr o l
and r e c r e a t io n .
A c l o s e  exam in ation  o f  th e  two a l t e r n a t iv e s  r e v e a ls  th a t th e  t o t a l  c o s t  
of A lte r n a t iv e  E i s  over  $20 m il l io n  l e s s  than A lte r n a t iv e  D. A lt e r n a t iv e  E 
p rov id es more f lo o d  p la in  p r o t e c t io n ,  a lth ou gh  i t  has l e s s  t o t a l  s to r a g e , and 
i t  a ls o  has a h ig h e r  n e t  an n u al b e n e f i t  than A lte r n a t iv e  D a lth o u g h  both o f  
th e ir  n e t  annual b e n e f i t s  a r e  n e g a t iv e .  E n v iro n m en ta lly , A lte r n a t iv e  E has  
a g r e a te r  lo s s  o f  t e r r e s t r i a l  h a b i t a t ,  and A lte r n a t iv e  D more problem s w ith  
w ater q u a l i t y  i f  th e  f lo o d  w a ters  in  th e  dry la k e  are  c o n s id e r e d , and a 
g rea ter  l o s s  o f a r c h e o lo g ic a l  s i t e s .  They both  p ro v id e  th e  same w a ter  su p p ly  
and r e c r e a t io n a l  b e n e f i t s ,  and a l t e r n a t iv e  E would encourage more econom ic 
growth. Based on th e  o b j e c t iv e s  o f  th e  p r o j e c t ,  w ater su p p ly , f lo o d  c o n tr o l  
and r e c r e a t io n ,  o f  th e s e  two a l t e r n a t i v e s , A lte r n a t iv e  E, two m u ltip u rp o se  
tr ib u ta r y  la k e s ,  would appear to  be th e  b e s t  c h o ic e .
I f  fu r th e r  stu d y  i s  n e c e ssa r y  because A lte r n a t iv e  E does n o t  supp ly  a s  
much w ater as A lte r n a t iv e s  A and B, then  th e  p la n n ers would s t a r t  w ith  
A lte r n a t iv e  E and lo o k  a t  e i t h e r  A lte r n a t iv e  A or B fo r  a w ater su p p ly  
com prom ise. Both A lt e r n a t iv e s  A and B, and A lte r n a t iv e  D which was j u s t  
e lim in a te d , have la k e s  on th e  Deep Fork R iver which w i l l  be e u tr o p h ic . S in c e
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t h i s  s o lu t io n  was n o t recommended, th e  p lan n ers w i l l  have to  tr y  a n oth er  
approach or s e t t l e  fo r  l e s s  w ater supply  from t h i s  p r o je c t  and perhaps look  
at th e  ground w a ter  r e so u rces  and new te c h n o lo g ie s  fo r  e x t r a c t io n .
CHAPTER FOUR 
CONCLUSIONS
The p r e s e n t  req u irem en ts fo r  w ater r e so u r c e s  p la n n in g  a s  s e t  fo r th  
in  the E sta b lish m en t o f  P r in c ip le s  and Standards fo r  P la n n in g  Water and 
R ela ted  Land R esou rces ( th e  P r in c ip le s  and S tan d ard s) in  1973 in c lu d e  an 
en v iro n m en ta l a n a ly s i s  as w e l l  a s  th e  t r a d i t io n a l  b e n e f i t - c o s t  approach. 
There are a l s o  s p e c i f i e d  s i x  p roced u res w hich sh ou ld  be pursued  in  the  
developm ent o f  a  p lan  one o f  which i s  th e  s t ip u la t io n  th a t  more than  one 
a l t e r n a t iv e  be p ro p o sed . The stro n g  em phasis on en v iro n m en ta l q u a li ty  
and the need to  d ev e lo p  more than one p lan  to  f u l f i l l  a p e r c e iv e d  need  
a r e  in n o v a t iv e  in  th e  f i e l d  o f  w ater r e so u r c e s  p la n n in g . In  a d d it io n  to  
th e s e  new a s p e c t s  i s  a th ir d  o n e , p u b lic  in p u t or p a r t i c ip a t io n ,  w hich i s  
supposed to  be s o l i c i t e d  throughout th e  p la n n in g  p r o c e s s .
In o rd er  to  cope w ith  th e se  in n o v a t io n s , a new approach to  p la n n in g  
i s  n e c e s s a r y . In  w a ter  r e so u r c e s  p la n n in g  th e r e  was a t r a d i t i o n a l  r e l ia n c e  
on a b e n e f i t - c o s t  m odel to  accom plish  th e  p la n n in g  f u n c t io n .  T h is  k ind  o f  
model req u ired  q u a n t i t a t iv e  data  and very  l i t t l e  thought was g iv e n  to  th e  
p o s s ib le  en v iro n m en ta l e f f e c t s  o f  a p r o je c t  becau se  th ey  d id  n o t have to  
be c a lc u la t e d .  Now th ey  must b e , but in  a q u a l i t a t i v e  manner w hich  
n e c e s s i t a t e s  th e  developm ent o f  m odels w hich can h an d le b o th  q u a n t i t a t iv e  
and n o n -q u a n t ita t iv e  in fo r m a tio n . The two k in d s  o f  d a ta  a r e  d is p la y e d  in  
two se p a r a te  a c c o u n ts  in  th e  new sy stem . The t r a d i t i o n a l ,  q u a n t i t a t iv e
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b e n e f i t - c o s t  a n a ly s i s  in  th e  n a t io n a l  econom ic developm ent account and 
th e  q u a l i t a t i v e ,  en v iron m en ta l a n a ly s is  in  th e  en v iro n m en ta l q u a l i ty  
a c c o u n t .
The purpose o f t h i s  stu d y  was to  d e v is e  a s im p le , non—m athem atica l 
model which w ould fo r m a liz e  and conform w ith  th e  p r e se n t req u irem en ts fo r  
w ater r e so u r c e s  p la n n in g . T h is meant th a t th e  m odel had t o  be cap ab le  o f  
red u c in g  a la r g e  number o f  p o s s ib le  a l t e r n a t iv e  s o lu t io n s  fo r  a p r o je c t  
to  a f e a s i b l e  few . It a l s o  had to  cope w ith  both  q u a n t i t a t iv e  and 
q u a l i t a t iv e  d a ta  and be a b le  to  e v a lu a te  b o th . The Coarse S ort System  
w ith  th e  a id  o f s o r t  c h a r ts  does f u l f i l l  t h i s  n eed .
B efore th e  s o r t  c h a r ts  can be u se d , p a rt o f  th e  fo rm a l p lan n in g  
p r o c e s s  must have taken  p la c e . The need  fo r  th e  w ater r e so u r c e s  p r o je c t  
must have been r e c o g n iz e d , some p o s s ib le  s o lu t io n s  c o n c e iv e d , data gath ered  
fo r  both  a n a t io n a l  econom ic developm ent em phasis and an en v iro n m en ta l  
q u a l i t y  em phasis by two h ig h ly  q u a l i f ie d  team s o f  e x p e r t s ,  and a l t e r n a t iv e  
p la n s  form u lated  fo r  each  em phasis and ranked a cco rd in g  to  how c lo s e  th ey  
came t o  both m eetin g  th e  n eed s o f the p r o je c t  and the p a r t ic u la r  em phasis.
At t h i s  p o in t th e  ranked p la n s  can be p la ced  on s o r t  c h a r t s , and a l l  but the  
most f e a s i b l e  p la n s  e l im in a te d . Then a p r o c e ss  o f  t r a d e - o f f s  and compro­
m ises  occu rs u n t i l  a f i n a l  p lan  a c c e p ta b le  to  th e  p u b lic  i s  p r e se n te d . The 
p u b l ic ' s  f e e l in g s  on th e  m atter  a re  c o n s id ered  a l l  the way through th e  
p ro ced u re .
The t e s t  used  h e r e , th e  A rcadia R e se r v o ir  p r o j e c t ,  w as d esig n ed  to  
i l l u s t r a t e  th e  u se  of th e  s o r t  c h a r ts  and d id  n o t use some o f  th e  components 
m entioned  in th e  form al p r o c e s s . The A rcad ia  p r o je c t  was d eve lop ed  by th e  
Corps o f  E n g in eers but n o t a t  a tim e when th ey  w ere r e q u ir e d  to  d ev e lo p  both
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th e  n a t io n a l  econom ic developm ent and en v iron m en ta l q u a l ity  a c c o u n ts . As 
a r e s u l t ,  th e  in fo rm a tio n  fo r  th e  t e s t  came from an environm ental im pact 
sta tem en t w hich c o n ta in e d  p a rt o f  th e  b e n e f i t - c o s t  a n a ly s is  but o n ly  a 
sem blance o f  an en v iron m en ta l q u a l i ty  accou n t. There was a ls o  an inadequacy  
o f data  in  th e  s ta tem en t which n e c e s s i t a t e d  the fa b r ic a t io n  o f  some o f  th e  
in fo rm a tio n  used fo r  th e  t e s t in g  p r o c e s s . The reason  th e  t e s t  was n o t perform ed  
on a p ro p er ly  p rep ared  document i s  th a t  one was n o t a v a i la b le .
Another component o f  th e  p la n n in g  p ro cess  th a t  may n ot meet th e  stan d ard s  
s e t  in  t h i s  stu d y  i s  th e  team th a t d evelop ed  th e  p la n s  fo r  th e  A rcad ia  p r o je c t .  
A lthough th e  Corps o f  E n gin eers does have ex p er ts  in  many f i e l d s  on i t s  
s t a f f ,  s in c e  th e  two d i f f e r e n t  a cco u n ts  were n ot d eve lop ed  fo r  t h i s  p r o j e c t ,  
th e  teams would not have fu n c tio n e d  a s  req u ired  in  th e  Coarse Sort p r o c e s s .
There sh o u ld  n ever  be th e  d is c r e p e n c ie s  and h o le s  in  th e  d ata  that occu r  in
th e A rcadia  R e se r v o ir  impact s ta te m e n t.
A th ir d  component la c k in g  in  t h i s  stu d y  i s  p u b lic  p a r t ic ip a t io n .  Perhaps 
th e  ea se  w ith  which th e  s o r t  ch art procedure was dem onstrated would n o t have 
been p o s s ib le  i f  th e  v o ic e  o f  th e  p u b lic  had been h eard . An adequate t e s t  
o f th e  C oarse Sort M odel, t h e r e f o r e ,  r e q u ir e s  th a t  i t  be a p p lied  d i r e c t l y  to  
an ongoing  p la n n in g  p r o c e s s  from b eg in n in g  to  end . I t  would probab ly req u ire  
a t  le a s t  two y e a r s  t o  v a l id a t e  t h i s  m odel in  an a c tu a l  procedure in c lu d in g  
th e  p la n n in g  p r o c e ss  and p u b lic  p a r t ic ip a t io n .
With r e sp e c t  to  th e  Coarse Sort System , th e  A rcadia  R eservo ir  p r o j e c t ,  on
which the model was t e s t e d ,  was f a i r l y  ea sy  to  h an d le  u s in g  th e  s o r t  c h a r ts .
A more co m p lica ted  p r o je c t  would r e q u ir e  more t r a d e - o f f s  between th e  
n a t io n a l  econom ic developm ent and en v iron m en ta l q u a l ity  o b j e c t iv e s  and more
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i t e r a t io n s ,  but th e  same b a s ic  method cou ld  be u sed , at le a s t  fo r  the  
p relim in ary  a s p e c t s  of th e  p la n n in g  p r o c e s s . I f  p u b lic  input or th e  f in e r  
p o in ts  o f p lan  developm ent demanded more d e t a i le d  s tu d y , then a more 
s o p h is t ic a te d  system  o f s o r t  c h a r ts  would have to  be d ev e lo p ed , or some 
oth er  method u sed .
I t  i s  p o s s ib le  th a t th e  C oarse S ort System  concept could  be a p p lie d  
to  o th er  ty p es  o f p lan n in g  p r o c e s s e s ,  not j u s t  w ater r e so u r c e s , where 
a l t e r n a t iv e s  have to  be d ev e lo p ed  and ranked and where th e  en v iron m en ta l 
e f f e c t s  o f  th e  p r o je c t  must be c o n s id e r e d . H ousing d evelop m en ts, p i p e l i n e s ,  
sa n ita r y  l a n d f i l l s , w astew ater  treatm en t p la n t s ,  highway p r o je c t s  and so  
on cou ld  a l l  adapt t h i s  system  fo r  t h e ir  own u s e .  There would have to  be 
m o d if ic a t io n s  made for  each  ty p e  o f  p r o je c t  b u t the b a s ic  id ea  cou ld  be 
used .
I t  appears p o s s ib le  th a t  th e  Coarse S ort System and the s o r t  ch art  
method cou ld  be com p u ter ized . The computer co u ld  do i t s  own c a lc u la t io n s  
and ranking fo r  th e  n a t io n a l  econom ic developm ent o b j e c t iv e .  The en v iron m en ta l 
q u a lity  in fo rm a tio n  might have to  be fed  in . A fter  the ran k in gs were f ig u r e d  
o u t , an a n a ly s i s  o f  v a r ia n c e  co u ld  be run on them to  determ ine w hich ones  
f e l l  w ith in  a c e r ta in  l i m i t .  I t  cou ld  be th a t  the b e s t  s o lu t io n  would be 
found among th o se  w ith in  th e  l i m i t .  I t  would take some m an ip u la tion  to  match  
the en v iron m en ta l q u a l i ty  o b j e c t iv e  to  th e  n a t io n a l  economic developm ent 
o b je c t iv e  but someone m ight f in d  i t  c h a lle n g in g  to  t r y .
A lthough th e  p resen t approach to  w ater r e so u r c e s  p lan n in g  r e q u ir e s  a 
lo t  more tim e and e f f o r t  on th e  part o f th e  p la n n e r s , a t  le a s t  i t  r e c o g n iz e s  
the fa c t  th a t  en v iron m en ta l q u a l i ty  has been n e g le c te d  in  th e  p a s t .  T h is  
country has reach ed  the p o in t  where our n a t io n a l  r e so u rces  have become s c a r c e
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com m odities and unchecked developm ent o f any kind a t th e  exp en se  o f  a 
resou rce  demands second  th ou gh ts and se r io u s  c o n s id e r a t io n . There are  
a ls o  p r o je c t s  th a t th e  p u b lic  may be u n w illin g  to  a ccep t or  pay fo r  and 
t h i s ,  t o o ,  i s  now rec o g n iz e d  as a component th a t must be taken  in t o  a cco u n t.
I t  has not been ea sy  to  e f f e c t  th e  e n lig h te n e d  o u tlo o k  o f  th e  p lann ing  
p r o c e s s , nor have th e  v a r io u s  p la n n in g  a g en c ie s  come up w ith  f i n a l  s o lu t io n s  
as to  how to  implement th e  P r in c ip le s  and S tan d ard s. I f  n o th in g  e l s e ,  
though, i t  does make them co n s id e r  o th er  than the u su a l b e n e f i t - c o s t  approach  
to  th e  p lan n in g  o f  a p r o j e c t .  N o n -str u c tu r a l a l t e r n a t iv e s ,  few er in crem en ts , 
and f lo o d  p la in  a c q u is i t io n  may s t a r t  making in road s in to  p la n n in g  a l t e r ­
n a t iv e s .  The p o s s i b i l i t i e s  fo r  c r e a t iv i t y  are u n lim ite d .
The Coarse S ort System  f i t s  in  w ith  the e n lig h te n e d  approach q u ite  w e l l .  
I t  u se s  th e  form al p r o c e s s  o f  p lan  form u lation  m entioned in  th e  s i x  s te p s  
in Chapter Two. I t  a l s o  fo r c e s  th e  p lann ing  teams to  be in n o v a t iv e  and 
c r e a t iv e  both in fo rm u la tin g  t h e ir  own a l t e r n a t iv e  p la n s and in  e f f e c t i n g  
t r a d e - o f f s  and com prom ises. The s o r t  ch a rts  h elp  to  communicate th e  p lan n in g  
p ro cess  to  th e  p u b lic  and th e  System  i t s e l f  r e q u ir e s  co n tin u o u s p u b lic  input 
in order to  work e f f e c t i v e l y .  I t  rem ains to  be t e s t e d  on an o n -g o in g  
s i t u a t io n .
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APPENDICES
APPENDIX A: GLOSSARY
a c r e - f o o t  -  a u n it  fo r  m easuring th e  volum e o f  w a ter , equal to  th e  q u a n tity  
o f  w a ter  req u ired  to  cover 1 a c r e  to  a depth o f 1 f o o t ,  and i s  eq u al 
to  4 3 ,5 6 0  cu b ic  f e e t  or 325 ,851  g a l lo n s .
a q u ife r  -  a body o f ea r th  m a ter ia l ca p a b le  o f  tr a n sm itt in g  w a ter  through i t s  pores
a t  a r a te  s u f f i c i e n t  fo r  w ater su p p ly  p u rp oses.
b e n e f i c ia l  use o f  w ater -  the use o f  w ater  fo r  any purpose from  which b e n e f i t s
a re  d e r iv e d .
b io c h e m ic a l oxygen demand (BOD) -  th e  q u a n tity  o f  oxygen u t i l i z e d  p r im a r ily  in  
th e  b io ch em ica l o x id a t io n  o f  o r g a n ic  m atter  in  a s p e c i f i e d  tim e and a t  a 
s p e c i f i e d  tem perature.
biom ass -  th e  t o t a l  w eigh t o f  a p o p u la tio n
b io ta  -  a l l  th e  s p e c ie s  o f  p la n ts  and an im a ls  o ccu rr in g  w ith in  a c e r t a in  a r e a .
bloom -  a p r o l i f e r a t io n  o f  l iv in g  a lg a e  an d /or  o th er  a q u a tic  p la n t s  on th e
s u r fa c e  o f  la k e s  or ponds. Blooms a r e  fr e q u e n tly  s t im u la te d  by phosphate  
en rich m en t.
c f s  -  c u b ic  f e e t  per seco n d , a m easure o f  th e  amount o f w ater p a ss in g  a g iv en  
p o in t .
c h a n n e liz a t io n  -  the s tr a ig h te n in g  and d eep en in g  o f  stream s to  perm it w ater
to  move f a s t e r ,  to  reduce f lo o d in g  or  to  d ra in  marshy a c r e a g e  fo r  farm ing. 
However, c h a n n e liz a t io n  red u ces th e  o rg a n ic  w aste a s s im i la t io n  c a p a c ity  o f  
th e  stream  and may d is tu r b  f i s h  b r e e d in g  and d e s tr o y  th e  strea m ’ s  n a tu r a l  
b e a u ty .
c lim ax  community -  th e  t h e o r e t ic a l  u lt im a te  s ta g e  o f  p la n t  s u c c e s s io n  under a 
g iv e n  s e t  o f  environm ental c o n d it io n s ;  a s t a b i l i z e d  c o n d it io n  o f  th e  
dom inant v e g e ta t io n .
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c o lifo r m  organism  -  any o f a number o f organism s common to  th e  i n t e s t i n a l
t r a c t  o f  man and an im als whose p resen ce  in  w a ste  w ater i s  an in d ic a to r  
o f p o l lu t io n  and o f  p o t e n t ia l ly  dangerous b a c t e r ia l  co n ta m in a tio n , 
c o n se r v a t io n  s to r a g e  -  s to r a g e  o f  w ater fo r  la t e r  r e le a s e  fo r  u s e f u l  purposes
such a s  m u n ic ip a l w ater su p p ly , power or i r r ig a t io n  in  c o n tr a s t  to  s to ra g e  
c a p a c ity  used fo r  f lo o d  c o n tr o l ,  
c o n ta m in a tio n  -  any in tr o d u c t io n  in to  w ater o f m icro -o rg a n ism s, c h e m ic a ls ,
w a s te s , or  w astew ater in  a c o n c e n tr a tio n  th a t  makes the w ater  u n f i t  fo r  
i t s  in ten d ed  u se .
dam -  a b a r r ie r  c o n str u c te d  a c r o ss  a w atercou rse  fo r  th e  purpose o f  a) c r e a t in g  
a r e s e r v o ir ,  b) d iv e r t in g  w ater therefrom  in to  a con d u it or c h a n n e l, c )  
c r e a t in g  a head which can be used to  g e n e r a te  pow er, an d /or d ) im proving  
r iv e r  n a v ig a b i l i t y .
d a m site  -  a lo c a t io n  where th e  to p o g ra p h ica l and o th e r  p h y s ic a l  c o n d it io n s  are  
fa v o r a b le  fo r  th e  c o n s tr u c t io n  o f  a dam, or any s i t e  where a dam has been  
b u i l t ,  i s  b e in g  b u i l t ,  or i s  con tem p lated , 
d eco m p o sitio n  -  th e  breakdown o f  com plex m a te r ia l in to  s im p ler  s u b s ta n c e s  by 
ch em ica l or b io lo g ic a l  means, 
d e p o s it io n  -  th e  a c t  or p r o c e ss  o f  s e t t l i n g  s o l i d  m a te r ia l from a f lu id  
su sp e n s io n .
d is s o lv e d  oxygen (DO) -  the amount o f  fr e e  (n ot c h e m ic a lly  com bined) oxygen  
in  w a te r .
d is s o lv e d  s o l i d s  -  th e  t o t a l  amount o f  d is s o lv e d  m a te r ia l ,  o r g a n ic  and in o r g a n ic ,  
c o n ta in e d  in  w ater o r  w a s te s . E x c e ss iv e  d is s o lv e d  s o l id s  make w ater  
u n p a la ta b le  fo r  d r in k in g  and u n su ita b le  fo r  in d u s t r ia l  u s e s .
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d ra in age area  -  the a rea  o f  a d ra in age  b a sin  or w a tersh ed , e x p r e sse d  in  a c r e s ,
square m i le s ,  o r  o th er  u n it  o f  a rea . A lso c a l l e d  catchm ent a r e a , w a tersh ed , 
r iv e r  b a s in .
d ra in age  b a s in  -  an a rea  from w hich su r fa c e  ru n o ff i s  c a r r ie d  away by a s in g le  
d ra in age sy stem , i t  c o n s i s t s  o f  a su r fa c e  stream  or a body o f  impounded 
su r fa c e  w ater to g e th e r  w ith  a l l  tr ib u ta r y  su r fa c e  stream s and b o d ie s  o f  
impounded s u r fa c e  w a ter , 
drawdown -  th e  lo w er in g  o f  th e  s u r fa c e  e le v a t io n  o f  a body o f  w a ter  r e s u l t in g  
from the w ithdraw al o f  w ater th erefrom , 
easem ent -  an acq u ired  le g a l  r ig h t  to  the use of land  owned by o t h e r s ,  
e c o lo g ic a l  im pact -  th e  t o t a l  e f f e c t  o f  an environm ental ch a n g e , e i t h e r  n a tu r a l  
or man-made, on th e  eco lo g y  o f  the a rea , 
e c o lo g y  -  the in t e r r e la t io n s h ip s  o f  l i v in g  th in g s  to  one a n o th er  and to  t h e ir  
environm ent or th e  stu d y  o f su ch  in t e r r e la t io n s h ip s ,  
eco sy stem  -  th e  in t e r a c t in g  system  o f  a b io lo g ic a l  community and i t s  n o n - l iv in g  
en v iron m en t.
e c o lo g ic a l  s u c c e s s io n  -  as th e  ecosystem  e v o lv e s , i t  becomes l e s s  s u i t a b le  fo r  
some s p e c ie s  and more s u it a b le  fo r  o th er  s p e c ie s  e v e n tu a l ly  r e s u l t in g  
in  a change in  th e  s p e c ie s  co m p o sitio n  o f  th e  la k e ,  
e f f lu e n t  -  a d isc h a r g e  o f  p o l lu t a n t s  in to  the environm ent, p a r t i a l l y  or co m p le te ly  
tr e a te d  in  i t s  n a tu ra l s t a t e .  G en era lly  used in  regard to  d is c h a r g e s  in to  
w a te r s .
environm ent -  th e  sum o f  a l l  e x te r n a l c o n d it io n s  and in f lu e n c e s  a f f e c t in g  the  
l i f e ,  d evelop m en t, and u l t im a t e ly ,  th e  s u r v iv a l  o f  an organ ism , 
e p ilim n io n  -  th e  upper la y e r  o f  a body o f  w ater h a v in g  therm al s t r a t i f i c a t i o n  
th a t e x te n d s  from th e  s u r fa c e  to  the th erm o clin e  and has n e a r ly  uniform  
tem p eratu re .
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e r o s io n  -  th e  w earing  away o f  th e  land s u r fa c e  by wind or w a ter , 
e u tr o p h ic a t io n  -  th e  p r o c e ss  o f  o v e r f e r t i l i z a t i o n  o f  a body o f  w ater by
n u tr ie n t s  which produce more o rg a n ic  m a tter  than the s e l f - p u r i f i c a t i o n  
p r o c e s s e s  can overcom e, 
f lo o d  -  1) an o v er flo w  or in u n d a tio n  th a t  comes from a r iv e r  or o th e r  body o f
w ater and ca u ses  or th r e a te n s  damage, 2) any r e la t iv e ly  h igh  strea m flo w  o v e r -  
- to p p in g  th e  n a tu r a l or  a r t i f i c i a l  banks in  any reach o f  a stream , 
f lo o d  c o n tr o l  c a p a c ity  -  th a t  p art o f th e  g r o s s  r e s e r v o ir  c a p a c ity  w h ich , a t  th e  
tim e under c o n s id e r a t io n , i s  r e serv ed  fo r  th e  temporary s to r a g e  o f  f lo o d  
w a te r s .
f lo o d  p la in  -  a s t r ip  o f r e l a t i v e l y  smooth land  bordering  a stream , b u i l t  o f  
sed im en t c a r r ie d  by th e  stream  and dropped in  the s la c k  w ater beyond th e  
in f lu e n c e  o f  th e  s w i f t e s t  c u r r e n t, 
f lo o d  c o n tr o l  s to r a g e  -  s to r a g e  o f  w ater in  r e s e r v o ir s  to  a b a te  f lo o d  damage, 
food-w eb —  the in t e r - lo c k in g  p a tte r n  o f  food from d if f e r e n t  tr o p h ic  l e v e l s ,  
groundwater -  th e  su p p ly  o f  fre sh w a ter  under th e  e a r th 's  su r fa c e  in  an a q u ife r  
or s o i l  th a t forms th e  n a tu r a l r e s e r v o ir  fo r  man's u se . 
h a b ita t  -  th e  sum t o t a l  o f  en v iron m en ta l c o n d it io n s  o f a s p e c i f i c  p la c e  th a t  
i s  o ccu p ied  by an organ ism , a p o p u la tio n  or  a community, 
h ardness -  a < l ia r a e to r is i  ic  o f  w a te r , im parted by s a l t s  of ca lc iu m , m agnesium, and
iron  such as b ic a r b o n a te s , c a r b o n a te s , s u l f a t e s ,  c h lo r id e s ,  and n i t r a t e s  
th a t  c a u se s  c u r d lin g  o f  soap and in c r e a se d  consumption o f so a p , d e p o s it io n  
o f  s c a le  in  b o i l e r s ,  damage in  some in d u s t r ia l  p r o c e s s e s , and som etim es  
o b je c t io n a b le  t a s t e ,  
heavy m e ta ls  -  m e t a l l ic  e le m e n ts  w ith  h ig h  m o lecu la r  w e ig h ts , g e n e r a l ly  t o x ic  
in  low c o n c e n tr a tio n s  to  p la n t  and an im al l i f e .  M etals th a t  can be 
p r e c ip it a t e d  by hydrogen si I f id e  in  a c id  s o lu t io n ,  fo r  exam ple, l e a d .
102
s i l v e r ,  g o ld , m ercury, b ism uth , copper, 
hyp olim n ion  -  th e  low er l e v e l  o f  a body o f  w ater having therm al stratification, 
w hich e x te n d s  from th e th erm oclin e  to  th e  bottom  and w hich i s  e s s e n t i a l l y  
removed from s u r fa c e  in f lu e n c e ,  
impoundment -  a body o f  w a ter , such as a pond, co n fin ed  by a dam, d ik e , f lo o d  
g a te  or  o th e r  b a r r ie r ,  which i s  used fo r  s to r a g e , r e g u la t io n ,  and c o n tr o l  
o f  w ater
i r r ig a t io n  -  th e  c o n tr o l le d  a p p lic a t io n  o f  w ater to  a r a b le  la n d s  to  su p p ly  w ater  
req u irem en ts  not s a t i s f i e d  by r a i n f a l l ,  
land u se  -  (1 ) th e  c u ltu r e  o f the lan d  s u r f a c e ,  which has a d eterm in in g  
e f f e c t  on th e  broad s o c i a l  and econom ic c o n d it io n s  o f  a  r e g io n  and 
w hich d eterm in es th e  amount and c h a r a c te r  o f the ru n o ff and e r o s io n ;
(2 ) e x i s t i n g  or zoned econom ic use o f  la n d , such a s  r e s i d e n t i a l ,  in d u s­
t r i a l ,  farm , com m ercial, 
le v e e  -  a d ik e  o r  embankment, g e n e r a lly  c o n str u c te d  on or p a r a l l e l  to  th e  
banks o f  a strea m , la k e , or o th e r  body o f  w a ter , in ten d ed  to  p r o te c t  
th e  land s id e  from inundation  by f lo o d  w a ters  or to  c o n f in e  the  
stream  f lo w  to  i t s  r e g u la r  ch a n n el, 
mgd -  m i l l io n  g a l lo n s  a day
m u ltip u rp o se  r e s e r v o ir  -  a r e s e r v o ir  c o n str u c te d  and equipped  to  p ro v id e  
s to r a g e  and r e le a s e  o f  w ater f o r  two or more p u rp oses such  a s  f lo o d  
c o n t r o l ,  power d evelop m en t, n a v ig a t io n .  I r r ig a t io n ,  p o l lu t io n  ab atem en t, 
d o m estic  w ater  su p p ly ,  
n u t r ie n t s  -  e lem en ts  o r  compounds e s s e n t i a l  a s  raw m a te r ia ls  fo r  organism  
grow th and developm ent; fo r  exam p le, carb on , oxygen , n itr o g e n  and 
p h o sp h o ru s.
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p e s t i c id e  -  any su b sta n ce  or ch em ical a p p lie d  to  k i l l  or c o n tr o l p e s t s
in c lu d in g  w eeds, i n s e c t s ,  a lg a e ,  r o d e n ts , and oth er  u n d esira b le  a g e n ts .
p h en o ls  -  a group o f  o rg a n ic  compounds th a t  in  v ery  low c o n c e n tr a tio n s
produce a t a s t e  and odor problem  in  w a te r . In  h ig h e r  c o n c e n tr a tio n s
th ey  a r e  to x ic  to  a q u a tic  l i f e .
p o in t  so u rce  -  a s ta t io n a r y  sou rce  o f  a  la r g e  in d iv id u a l  e m iss io n , g e n e r a lly
o f  an in d u s t r ia l  n a tu r e ,  
p o llu ta n t  -  any in trod u ced  g a s , l iq u id ,  o r  s o l id  th a t makes a re so u rce
u n f i t  f o r  a  s p e c i f i c  p u rp ose .
p r o d u c t iv ity  -  the amount o f  any s p e c ie  or n e t p ro d u ctio n  o f  l i v in g  t i s s u e
in  a  s p e c ie s  p o p u la tio n .
p y r i t i c  m a te r ia l  -  formed o f p y r i t e ,  a common m in era l formed o f  ir o n  d i s u l f id e
w hich y i e ld s  s u l fu r  d io x id e  and s u l f u r ic  a c id .
r e s e r v o ir  -  a pond, la k e , tan k , b a s in  or o th e r  s p a c e , e i t h e r  n a tu r a l or
c r e a te d  in  whole or in  p art by th e  b u ild in g  o f e n g in e e r in g  s t r u c t u r e s ,
which i s  used fo r  s to r a g e , r e g u la t io n ,  and c o n tr o l  o f w ater .
Som etim es c a l le d  an impoundment.
retu rn  flo w  -  any flo w  o f w ater th a t r e tu r n s  to  a  stream  channel a f t e r
d iv e r s io n  for  i r r ig a t io n  or o th e r  p u rp o se .
r iv e r  b a s in  -  the t o t a l  a rea  drained  by a r iv e r  and i t s  t r ib u t a r ie s .
ru n o ff -  th e  p o r tio n  o f  r a i n f a l l ,  m e lted  snow or i r r ig a t io n  w ater th a t
flo w s  a c r o ss  ground su r fa c e  and e v e n tu a l ly  i s  retu rn ed  to  strea m s.
R unoff can p ick  up p o l lu t a n t s  from th e  a i r  or th e  land  and carry  them
to  th e  r e c e iv in g  w a te r s .
s a l i n i t y  -  (1) th e  r e l a t i v e  c o n c e n tr a t io n  o f s a l t s ,  u s u a lly  sodium c h lo r id e .
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in  a g iv e n  w a te r , (2 )  a measure o f  th e  c o n c e n tr a t io n  o f  d is s o lv e d  
m in era l su b s ta n c e s  in  w ater , 
sed im ent y ie ld  -  th e  amount of th e  eroded s o i l  th a t  i s  tra n sp o r ted  and 
d e p o s ite d  in  a stream  e i t h e r  a s  suspended sed im en t or s e t t l e d  bed 
m a te r ia l .
sed im e n ta tio n  -  th e  p r o c e s s  of su b sid en ce  and d e p o s i t io n  o f  suspended m atter  
c a r r ie d  by w a te r , sew age, or o th er  l i q u i d s ,  by g r a v ity .  I t  i s  u su a lly  
a cco m p lish ed  by red u cin g  th e  v e l o c i t y  o f  th e  l iq u id  below  th e  p o in t  where 
i t  can tr a n sp o r t  th e  suspended m a te r ia l ,  
s i l t  -  f i n e l y  d iv id e d  p a r t i c l e s  o f  s o i l  or ro ck . O ften  c a r r ie d  in  cloudy  
su sp e n s io n  in  w ater  and e v e n tu a lly  d e p o s ite d  a s  sed im en t, 
s i l t i n g  -  th e  p r o c e s s  o f  f i l l i n g  up or r a i s in g  th e  bed o f  a body o f  
w ater th rou gh  d e p o s it io n  o f  sed im en t, 
stream  -  a g e n e r a l term  fo r  a body o f  f lo w in g  w a ter  
s t r a t i f i c a t i o n  -  se p a r a t in g  in to  la y e r s
s p i l lw a y  -  a w aterw ay in  or about a dam or o th e r  h y d r a u lic  s t r u c tu r e ,  
fo r  th e  e sc a p e  o f  e x c e s s  w ater  
s to r a g e  -  th e  im pounding o f  w a te r , e i t h e r  in  s u r fa c e  or in  underground  
r e s e r v o ir s ,  fo r  fu tu r e  u se . 
therm al p o l lu t io n  -  d eg ra d a tio n  o f  w a ter  q u a l i t y  by th e  in tr o d u c t io n  o f  
a h ea ted  e f f l u e n t .
therm al s t r a t i f i c a t i o n  (o f  a la k e )  -  v e r t i c a l  tem p eratu re  s t r a t i f i c a t i o n  th a t  
shows th e  f o l lo w in g :  th e  upper la y e r  o f  th e  la k e ,  th e  e p ilim n io n , in
w hich th e  w a ter  tem perature i s  v i r t u a l l y  u n iform ; th e  n e x t stratu m .
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th e  th e r m o c lin e , in  which th e r e  i s  a marked drop in  tem perature per  
u n it  o f  depth; th e  lowerm ost r e g io n , th e  h y p o lim n io n , in  which the  
tem perature i s  n e a r ly  u n iform , 
th erm o clin e  -  the la y e r ,  in  a a  body o f  w ater h a v in g  th erm al s t r a t i f i c a t i o n  
f o r  which th e  tem perature d i f f e r e n c e  i s  g r e a t e s t  p er  u n it  o f  depth. 
T h is la y e r  s e p a r a te s  th e  e p ilim n io n  from th e  h y p o lim n ion . 
topography -  the c o n f ig u r a t io n  o f a s u r fa c e  a rea  in c lu d in g  i t s  r e l i e f ,  or 
r e la t iv e  e le v a t io n s ,  and th e  p o s i t io n  o f  i t s  n a tu r a l and man-made 
f e a tu r e s .
t o t a l  s o l i d s  -  th e  sum o f d is s o lv e d  and u n d isso lv e d  c o n s t i t u e n t s  in  w ater  
or w astew a ter , u su a lly  s t a t e d  in  m illig r a m s per l i t e r ,  
t o t a l  s to r a g e  c a p a c ity  -  th e  volum e o f  a  r e s e r v o ir  below  th e  maximum 
c o n tr o l la b le  l e v e l  In c lu d in g  dead s to r a g e ,  which i s  th e  storage  
below  the most c o n tr o l la b le  l e v e l ,  
t o x i c i t y  -  th e  q u a l i t y  or d eg ree  o f  b e in g  p o iso n o u s o r  harm ful to  p lant 
or anim al l i f e .
tr ib u ta r y  -  a stream  or body o f  w a te r , s u r fa c e  or  underground, th a t c o n t r i ­
b u te s  i t s  w a ter  to  an oth er  and la r g e r  stream  or body o f w a ter , 
tr o p h ic  l e v e l s  -  th e  d is c r e t e  energy  l e v e l s  w hich r e p r e se n t  d is t in c t  ty p e s  
o f biom ass in  a community, 
tu r b id ity  -  the c lo u d y  c o n d it io n  o f  w ater due to  suspended  s i l t  or f in e ly  
d iv id e d  o rg a n ic  m atter , 
urban ru n o ff -  storm  w ater from c i t y  s t r e e t s  and g u t t e r s  th a t  u su a lly  
c o n ta in s  a g r e a t  d e a l o f l i t t e r  and o r g a n ic  and b a c t e r ia l  w a stes .
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w ater p o l lu t io n  -  the a d d it io n  o f  sew a g e , in d u s t r ia l  w a ste s  or o th er  
harm ful or o b je c t io n a b le  m a te r ia l  to  w ater in  c o n c e n tr a t io n s  or 
in  s u f f i c i e n t  q u a n t i t ie s  to  r e s u l t  in  m easurable d eg ra d a tio n  o f w ater  
q u a l i t y .
w ater  q u a lity  -  th e  ch em ica l, p h y s ic a l  and b io lo g ic a l  c h a r a c t e r i s t i c s  
o f  w ater w ith  r e s p e c t  to  i t s  s u i t a b i l i t y  fo r  a  p a r t ic u la r  p u rp ose.
The same w ater may be o f  good q u a l i t y  fo r  one purpose or  u s e ,  and 
bad fo r  a n o th e r , depending upon i t s  c h a r a c t e r i s t i c s  and th e  r e q u ir e ­
ments fo r  th e  p a r t ic u la r  u s e .  
w atershed  -  a l l  lands e n c lo sed  by a co n tin u o u s h y d r o lo g ie  d ra in a g e  d iv id e  
and ly in g  u p slo p e  from a s p e c i f i e d  p o in t  on a stream , 
w etla n d s -  swamps or m arshes, e s p e c i a l l y  a s  a rea s  p reserv ed  fo r  w i l d l i f e ,  
y ie ld  -  the q u a n tity  o f  w a ter , e x p r e sse d  a s  a r a te  o f  f lo w , th a t  can 
be c o l l e c t e d  fo r  a g iv en  u se  from s u r fa c e  or groundw ater so u rces  
on a w ater  .
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APPENDIX B : A REVIEW OF CONGRESSIONAL 
ENACTMENTS AND EXECUTIVE ACTIONS
The P r in c ip le s  fo r  P lan n in g  Water and Land R esources d e f in e  th e  
o b je c t iv e s  o f  n a t io n a l  econom ic developm ent and en v iron m en ta l q u a l i t y .  
These o b j e c t iv e s  p ro v id e  the b a s is  fo r  the fo rm u la tio n  o f  S t a t e ,  r e g io n ,  
and r iv e r  b a s in  p la n s  fo r  th e  u se  o f  w ater  and land r e so u r c e s  t o  meet 
fo r e s e e a b le  sh o r t  and lo n g -term  needs and have been e x p l i c i t l y  s t a t e d  or  
im p lied  in  numerous c o n g r e s s io n a l enactm ents and E x ecu tiv e  a c t io n s .
The most n o ta b le  o f  th e se  a c t io n s  in  w a ter  and r e la te d  a rea s  are  sum­
m arized below .
In  the F lood  C on tro l Act o f 1936, th e  C ongress d e c la r e d  th a t  b e n e f i t s  
to  whomsoever th ey  may accru e o f F ed era l p r o je c t s  sh ou ld  exceed  c o s t s .  
I n te r p r e ta t io n  o f t h i s  s t a t u t e  has r e s u lt e d  in  developm ent o f  v a r io u s  
a n a ly t ic a l  p ro ced u res to  e v a lu a te  the b e n e f i t s  and c o s t s  o f proposed  
p r f 'je c ts . T hese p roced u res have cen tered  around a n a t io n a l  econom ic  
e f f i c i e n c y  a n a ly s i s  and were f i r s t  p u b lish ed  a s  "Proposed P r a c t ic e s  fo r  
Economic A n a ly s is  o f  R iver B asin  P r o je c ts"  in May 1950 and r e v is e d  in  
May 1958. Budget Bureau C ir c u la r  No. A-47 was is su e d  on December 3 1 , 
1952, in form in g  th e  a g e n c ie s  o f c o n s id e r a t io n s  which would g u id e  th e  
Bureau of th e  Budget in  i t s  e v a lu a t io n s  o f  p r o je c t s  and r e q u ir in g  un iform  
d ata  th a t  would perm it com parisons among p r o j e c t s .
On O ctober 6 , 1961 , th e  P r e s id e n t r e q u e s t e d  th e  S e c r e t a r ie s  o f  
I n t e r io r ,  A g r ic u ltu r e , Army, and H ea lth , E ducation  and W elfare to  r e v ie w
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e x i s t in g  e v a lu a t io n  stan d ard s and to  recommend im provem ents. T h eir  
r e p o r t , " P o l i c i e s ,  S tan d ard s, and P rocedures in  th e  F orm u la tion , E v a lu a tio n , 
and Review o f  P la n s fo r  Use and Development o f Water and R ela ted  Land 
R eso u rces,"  was approved by th e  P r e s id e n t on May 1 5 , 1962 , and p u b lish e d  
a s Senate Document No. 9 7 , 87th  C on gress, 2nd S e s s io n .  T his document 
rep la ced  Budget Bureau C ir c u la r  No. A-47 and in  tu rn  has been su p ersed ed  by 
th e  " P r in c ip le s  fo r  P lan n in g  Water and Land R eso u rces" , upon t h e ir  approval 
by the P r e s id e n t ,  and by th e se  "Standards fo r  P la n n in g  Water and Land 
R eso u rces."
By e n a c t in g  law s and ta k in g  a c t io n s  enum erated below  and o t h e r s ,  th e  
C ongress and th e  P r e se n t have broadened th e  o b j e c t iv e s  to  be c o n s id ered  
in  w ater and land r e so u r c e s  p la n n in g .
The two o b j e c t iv e s  a s  d e f in e d  in  th e  p r in c ip le s  and s e t  fo r th  in  
more d e t a i l  in th e se  stan d ard s p rov id e  a f l e x i b l e  p la n n in g  framework 
th a t  i s  r e sp o n s iv e  to  and can accommodate changing  n a t io n a l  n eed s and 
p r i o r i t i e s .
The sta tem en t o f  th e  o b j e c t iv e s  and s p e c i f i c a t io n  o f  t h e ir  components 
in  th e se  sta n d a rd s i s  w ith o u t im p lic a t io n  con cern in g  p r i o r i t i e s  to  be 
g iv en  to  them in  th e  p r o c e ss  o f  p lan  fo rm u la tio n  and e v a lu a t io n .
These s ta n d a r d s , n o n e t h e le s s ,  do r e c o g n iz e  and make p r o v is io n  fo r  a 
s y s te m a tic  approach by w hich th e  g e n e r a l p u b lic  and d ecis io n m a k ers can 
a s s e s s  th e  r e l a t i v e  m e r its  o f a c h ie v in g  a l t e r n a t iv e  l e v e l s  o f  s a t i s f a c t i o n  
to  the two o b j e c t iv e s  where th ere  may be c o n f l i c t ,  c o m p e t it io n , or com ple­
m en ta r ity  betw een them. T his w i l l  p ro v id e  th e  ty p e  o f  in fo rm a tio n  needed  
to  improve th e  p u b lic  d ec is io n m a k in g  p r o c e s s .
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Major C o n g ress io n a l D ir e c t iv e s
Many laws th a t g iv e  new or more d e f i n i t i v e  d ir e c t io n s  to  F ed era l 
p a r t ic ip a t io n  in  p la n n in g  fo r  w ater and land reso u rces  have been passed  
in  r e c e n t  y e a r s . Some major en actm en ts a re :
The F ed era l Water P r o je c t  R e c r e a tio n  Act o f  1965 (P u b lic  Law 
8 9 - 7 2 ) ,  p ro v id es  fo r  f u l l  c o n s id e r a t io n  o f  o p p o r tu n it ie s  fo r  r e c r e a t io n  
and f i s h  and w i l d l i f e  enhancement in  F ed era l p r o je c t s  under s p e c i f i e d  
c o s t  a l lo c a t io n  and c o s t - s h a r in g  p r o v is io n s .
The Water R esources P lan n in g  Act o f 1965 (P u b lic  Law 8 9 -8 0 ) ,  
e s t a b l i s h e s  a com prehensive p la n n in g  approach to  the c o n se r v a t io n ,  
developm ent and use o f  w ater and r e la te d  land r e so u r c e s . The Act 
em p h asizes j o in t  F e d e r a l-S ta te  c o o p e r a tio n  in  p lan n in g  and c o n s id e r a t io n  
o f  th e  v iew s o f  a l l  p u b lic  and p r iv a t e  i n t e r e s t s .  S e c tio n  103 o f  th e  
A ct p r o v id e s  th a t "The C ouncil s h a l l  e s t a b l i s h ,  a f t e r  such c o n s u lta t io n  
w ith  o th er  in te r e s te d  e n t i t i e s ,  b oth  F ed era l and n o n -F ed era l, a s  th e  
C o u n cil may f in d  a p p r o p r ia te , and w ith  th e  approval o f th e  P r e s id e n t ,  
p r in c ip le s ,  s ta n d a r d s , and p ro ced u res fo r  F ed era l p a r t ic ip a n ts  in  th e  p re­
p a r a t io n  o f  com prehensive r e g io n a l  o r  r iv e r  b a s in  p lan s and fo r  th e  
fo r m u la tio n  and e v a lu a t io n  o f  F e d e r a l w a ter  and r e la te d  land  r e so u r c e s  
p r o je c t s " .
The Act fu r th e r  p r o v id e s  in  s e c t io n  102(b) th a t "The C ou n cil s h a l l  . 
m a in ta in  a c o n tin u in g  stu d y  o f  th e  r e la t io n  o f  r e g io n a l or r iv e r  b a s in  
p la n s  and programs to  th e  req u irem en ts o f  la r g e r  reg io n s  o f  the N ation  
and o f  th e  adequacy o f  a d m in is tr a t iv e  and s ta tu to r y  means fo r  th e
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c o o r d in a tio n  o f  th e  w ater  and r e la te d  land r e so u r c e s  p o l i c i e s  and programs 
o f  th e  s e v e r a l  F ed era l a g e n c ie s ;  i t  s h a l l  a p p r a ise  th e  adequacy o f  e x i s t in g  
and proposed  p o l i c i e s  and programs to  meet such req u irem en ts; and i t  
s h a l l  make recom m endations to  th e  P r e s id e n t w ith  r e sp e c t  to  F ed era l 
p o l i c i e s  and program s."
The Act a l s o  p r o v id e s  in  s e c t io n  301(b) th a t "The C o u n cil, w ith  th e  
ap p rova l of th e  P r e s id e n t ,  s h a l l  p r e sc r ib e  such r u le s ,  e s t a b l i s h  such  
p ro ced u res , and make su ch  arrangem ents and p r o v is io n s  r e la t in g  t o  th e  
perform ance o f  i t s  fu n c t io n s  under t h i s  t i t l e ,  and th e  use o f  funds  
a v a i la b le  th e r e f o r ,  a s  may be n e c e ssa r y  in  order to  a ssu r e  (1) c o o r d in a tio n  
o f  th e  program a u th o r iz e d  by t h i s  t i t l e  w ith  r e la te d  F ed era l p la n n in g  
a s s i s t a n c e  program s, in c lu d in g  th e  program a u th o r ized  under s e c t io n  701 
o f  th e  H ousing Act o f  1954 and (2 ) a p p ro p r ia te  u t i l i z a t i o n  o f o th e r  
F ed era l a g e n c ie s  a d m in is te r in g  programs which may c o n tr ib u te  to  a c h ie v in g  
the purpose o f  t h i s  A c t."
The P u b lic  Works and Economic Developm ent Act o f 1965 (P u b lic  Law
89 -136) e s t a b l i s h e s  n a t io n a l  p o l ic y  to  use F ed era l a s s is t a n c e  in  p lan n in g  
and c o n s tr u c t in g  p u b lic  works to  c r e a te  new employment o p p o r tu n it ie s  in  
a r e a s  s u f f e r in g  s u b s t a n t ia l  and p e r s i s t e n t  unemployment and underem ploym ent. 
The Act p r o v id e s  fo r  e s t a b l i s h in g  F e d e r a l-S ta te  r e g io n a l  com m issions fo r  
r e g io n s  th a t have la g g ed  behind th e  N ation in  econom ic developm ent.
The Water Q u a lity  Act o f  1965 (P u b lic  Law 89-234) and subsequent 
amendments p r o v id e s  fo r  e s t a b l i s h in g  w ater q u a l i t y  stan d ard s fo r  in t e r ­
s t a t e  w a te r s . These w a te r  q u a lity  stan d ard s p rov id e  req u irem en ts and 
g o a ls  th a t  must be in co rp o ra ted  in t o  p la n n in g  p ro ced u res.
Ill
In a u th o r iz in g  th e  N orth eastern  Water Supply Study in  1965 (P u b lic  
Law 8 9 -2 9 8 ) ,  Congress reco g n ized  t h a t  a s s u r in g  adequate s u p p l i e s  o f  
water fo r  th e  g r e a t  m e tr o p o l i ta n  c e n t e r s  o f  th e  U n ited  S t a t e s  has become 
a problem o f  such magnitude th a t  th e  w e l f a r e  and p r o s p e r i t y  of  t h i s  
country re q u ir e  th e  Federa l  Government to  a s s i s t  in  s o l u t i o n  o f  water  
supply  problem s.
The Clean Water R e s to r a t io n  Act o f  1966 (P u b l ic  Law 89-753) p ro v id es  
a s s i s t a n c e  f o r  d e v e lo p in g  com prehensive w ater  q u a l i t y  c o n tr o l  and abatement 
p la n s  f o r  r i v e r  b a s i n s .
The Department o f  T ransporation  Act o f  1966 (P u b l ic  Law 89-670)  
p rov id es  s tan d ard s  f o r  e v a lu a t in g  n a v ig a t io n  p r o j e c t s  and p r o v id e s  fo r  
the  S e c r e ta r y  o f  T ransporation  t o  be a member of th e  Water R esources C o u n c il .
The Wild and S c e n ic  R ivers  Act o f  1968 (P u b l ic  Law 97-542) p r o v id e s  
th a t  in  p lan n in g  f o r  th e  use and development o f  w a ter  and r e la t e d  
land re so u r c e s  c o n s id e r a t io n  s h a l l  be g iv e n  t o  p o t e n t i a l  w i ld ,  s c e n i c ,  
and r e c r e a t i o n a l  r i v e r  areas in  r i v e r  b a s in  and p r o j e c t  p lan  r e p o r t s ,  and 
comparisons are  to  be made w ith  developm ent a l t e r n a t i v e s  vdiich would be  
precluded  by p r e s e r v in g  th e se  a r e a s .
The N a t io n a l  F lood Insurance Act o f  1968 ( t i t l e  X II I ,  P u b l ic  Law
90-448) p r o v id e s  t h a t  S t a t e s ,  t o  remain e l i g i b l e  f o r  f lo o d  in su ra n ce ,  
must adopt a c c e p t a b le  arrangements f o r  land  use  r e g u la t io n  in  f lo o d -p r o n e  
a r e a s .  This  p r o v i s i o n ,  to g e th e r  w ith  E x e c u t iv e  Order 11296, August 10 ,
1966, p la c e s  in c r e a s e d  emphasis on land u se  r e g u l a t i o n s  and a d m in is t r a t iv e  
p o l i c i e s  a s  means o f  reducing  f lo o d  damages. P lann ing  p o l i c i e s  must 
in c lu d e  adequate p r o v i s io n  f o r  t h e s e  new enactm ents  and d i r e c t i v e s  in  an
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in t e g r a t e d  program o f  f l o o d - p l a i n  management.
The Estuary P r o t e c t io n  Act o f  1968 (P u b lic  Law 90 -454)  o u t l i n e s  a 
p o l i c y  o f  re a so n a b le  b a la n ce  between th e  c o n se r v a t io n  o f  the  n a tu r a l  
r e so u r c e s  and n a tu r a l  b eau ty  o f  th e  N a t io n 's  e s t u a r in e  a rea s  and th e  
need t o  d eve lop  such a r e a s  to  fu r t h e r  the  growth and development o f  the  
N a t io n .
The N a t io n a l  E nvironm ental P o l i c y  Act o f  1969 (P u b l ic  Law 91-190)  
a u t h o r iz e s  and d i r e c t s  F ed era l  a g e n c ie s  in  th e  d ec is io n -m a k in g  p r o c e s s  
t o  g iv e  a p p r o p r ia te  c o n s id e r a t io n  to  environm ental a m e n it ie s  and v a lu e s ,  
a lo n g  w ith  t e c h n i c a l  c o n s i d e r a t i o n s .  The r e s u l t s  o f  t h i s  a n a l y s i s  are 
t o  be in c lu d ed  in  p r o p o s a ls  f o r  F ed era l  a c t io n .
The Environm ental Q u a l i ty  Improvement Act o f  1970 ( t i t l e  I I  o f  P u b lic  
Law 91-224) fu r th e r  em phasizes  c o n g r e s s s io n a l  i n t e r e s t  in  im proving the  
environment and th e  major r e s p o n s i b i l i t y  th a t  S t a t e  and l o c a l  governments  
have f o r  im plem enting t h i s  p o l i c y .
The Flood C ontro l Act o f  1970 (P u b l ic  Law 91-611) r e q u ir e s  in  S e c t io n  
122 prom ulgation  o f  g u i d e l i n e s  d e s ig n e d  t o  a ssu re  t h a t  p o s s i b l e  adverse  
econom ic , s o c i a l  and en v iron m en ta l  e f f e c t s  r e l a t i n g  to  any proposed  p r o j e c t  
have been f u l l y  c o n s id e r e d  in  d e v e lo p in g  such p r o j e c t ,  and th a t  th e  f i n a l  
d e c i s i o n  on th e  p r o j e c t  are  made in  the  b e s t  o v e r a l l  p u b l ic  i n t e r e s t ,  t a k in g  
i n t o  c o n s id e r a t io n  th e  need f o r  f l o o d  c o n t r o l ,  n a v ig a t io n  and a s s o c ia t e d  
p u rp o ses ,  and th e  c o s t  o f  e l i m i n a t i n g  or m in im izing  such adverse  e f f e c t s  
and the  f o l lo w in g :
(1) a i r ,  n o i s e ,  and w ater  p o l l u t i o n ;
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(2) d e s t r u c t io n  or  d i s r u p t io n  of man-made and n a tu r a l  reso u rces  
a e s t h e t i c  v a l u e s ,  community c o h e s io n  and th e  a v a i l a b i l i t y  o f  p u b l ic  
f a c i l i t i e s  and s e r v i c e s ;
(3) adverse  employment e f f e c t s  and ta x  and p rop erty  v a lu e  l o s s e s ;
(4) in j u r io u s  d isp la c e m e n t  o f  p e o p le ,  b u s i n e s s e s ,  and farm s; and
(5) d i s r u p t io n  o f  d e s i r a b l e  community and r e g io n a l  growth.
The same Act a l s o  in c lu d e s  in S e c t io n  209 th e  f o l lo w in g  s ta te m e n t:  "It  
i s  the in t e n t  of  Congress th a t  the  o b j e c t i v e s  o f  enhancing r e g io n a l  
economic developm ent, th e  q u a l i t y  of  th e  t o t a l  env ironm ent, in c lu d in g  
i t s  p r o t e c t io n  and improvement, th e  w e l l - b e in g  o f  th e  p e o p le  o f  the  
United S t a t e s  and th e  n a t i o n a l  economic development are  th e  o b j e c t iv e s  
t o  be in c lu d in g  in  f e d e r a l l y  f in a n c e d  w ater  re so u rce  p r o j e c t s ,  and in 
th e  e v a lu a t io n  o f  b e n e f i t s  and c o s t s  a t t r i b u t a b l e  t h e r e t o ,  g i v i n g  due 
c o n s id e r a t io n  t o  th e  most f e a s i b l e  a l t e r n a t i v e  means o f  accom plish ing  
th e s e  o b j e c t i v e s . "
The Rural Development of 197 2 ,  P u b l ic  Law 9 2 -4 1 9 ,  p r o v id e s  f o r  
improving the economic and l i v i n g  c o n d i t io n s  o f  r u r a l  America by 
broadening and s t r e n g th e n in g  ongo ing  programs o f  f i n a n c i a l  and t e c h n ic a l  
a s s i s t a n c e  to  farmers and r u r a l  com m unities. I t  p ro v id es  fo r  th e  
management o f  a g r i c u l t u r a l  w a s t e s ,  s to r a g e  o f  w ater  f o r  r u r a l  needs,  
recharge o f  groundwater, f i r e  p r o t e c t i o n ,  long term c o n tr a c t  program 
f o r  land trea tm en t ,  a c q u i s i t i o n  o f  land r i g h t s  w ith  o th e r  F ed era l  
fu n d s ,  farm r e s e a r c h ,  and a lan d  in v e n to r y  and m o n itor in g  program.
The F ed era l Water P o l l u t i o n  C ontro l Act Amendments o f  1972, P ub lic  
Law 9 2 -5 0 0 ,  e s t a b l i s h e s  th e  g o a l s  th a t :
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(1)  th e  d isc h a r g e  o f  p o l lu t a n t s  i n t o  n a v ig a b le  w aters  be e l im in a ted  
by 1985;
(2) an in te r im  g o a l  o f  water q u a l i t y  be provided fo r  Lhe p r o te c t io n  
o f  f i s h ,  s h e l l f i s h  and w i l d l i f e ,  and f o r  r e c r e a t io n  by J u ly  1, 1983;
(3) th e  d is c h a r g e  o f  t o x i c  p o l lu t a n t s  in  t o x i c  amounts be p r o h ib ite d ;
(4) F ed era l  f i n a n c i a l  a s s i s t a n c e  b e  provided  to  c o n s tr u c t  p u b l ic ly  
owned w a ste  trea tm en t  p l a n t s ;
(5)  w ater  q u a l i t y  and areawide w a ste  treatm ent management p lanning  
in c lu d e  m u l t i o b j e c t i v e  w ater  resources  and land u se  p la n n in g ;
(6) r e g io n a l  or  r i v e r  b a s in  (L e v e l  B) p la n s  be com pleted  by the  
Water R esources  C ou n cil  f o r  a l l  r iv e r  b a s in s  in  th e  U nited  S t a t e s  by 
1980 ( S e c t io n  2 0 9 ) ;  and th a t
(7) a major re sea rch  and dem onstration e f f o r t  be made to  develop  
te c h n o lo g y  t o  e l im in a t e  th e  d ischarge  o f  p o l l u t a n t s .
The C o a s ta l  Zone Management Act o f  1972, P u b l ic  Law 9 2 -5 8 3 ,  p rov ides  
f o r  a com prehensive ,  long  range, and c o o rd in a ted  n a t io n a l  program in  marine  
s c i e n c e ,  to  e s t a b l i s h  a N a t io n a l  C ou n c il  on Marine R esources and E ngineering  
Developm ent, and a Commission on Marine S c ie n c e ,  E n g in eer in g  and Resources;  
and f o r  annual g r a n ts  t o  any c o a s t a l  S t a t e  fo r  th e  purpose o f  a s s i s t i n g  
in  the developm ent o f  a management program fo r  t h e  land and w ater re so u rces  
o f  i t s  c o a s t a l  z o n e ,  and fo r  annual g r a n t s  to  any c o a s t a l  S ta te  fo r  not  
more than 66 2 /3  per centum o f  the c o s t s  o f  a d m in is te r in g  the  S t a t e ' s  
management program.
Source: Water Resources C ouncil ,  1973 , E stab lishm ent o f  p r i n c i p l e s  and
sta n d a rd s  fo r  p lanning  water and r e la t e d  land r e s o u r c e s .
APPENDIX C: NATIONAL ECONOMIC DEVELOPMENT 0BJECTI\T;
The n a t io n a l  economic development o b j e c t i v e  i s  enhanced by i n c r e a s in g  
the  v a lu e  o f  th e  n a t i o n ' s  output o f  goods and s e r v i c e s  and improving n a t i o n a l  
economic e f f i c i e n c y .
N a t io n a l  economic development r e f l e c t s  in c r e a s e s  in  th e  N a t io n 's  
p rod u ctive  o u tp u t ,  an ou tp u t which i s  p a r t ly  r e f l e c t e d  in  a n a t i o n a l  
product and income a c c o u n t in g  framework d es ign ed  to  measure th e  
c o n t in u in g  f lo w s  o f  goods and s e r v i c e s  in t o  d ir e c t  consumption or i n v e s t ­
ment .
In a d d i t i o n ,  n a t i o n a l  economic development i s  a f f e c t e d  by b e n e f i c i a l  
and adverse  e x t e r n a l i t i e s  stemming from normal economic p ro d u ct io n  and 
consumption, im p er fec t  market c o n d i t i o n s ,  and changes in  p r o d u c t iv i t y  
o f  re so u rce  in p u ts  due t o  in v e s tm e n t .  N a t io n a l  economic development  
i s  a l s o  a f f e c t e d  by th e  a v a i l a b i l i t y  o f  p u b l ic  goods which are  not  
accounted fo r  in  the n a t i o n a l  product and income a c c o u n t in g  framework.
Thus, th e  co n cep t  o f  n a t i o n a l  economic development i s  broader than th a t  o f  
n a t io n a l  income and i s  used  t o  measure the  impact o f  governm ental in v estm en t  
on the  t o t a l  n a t io n a l  o u tp u t .  The g r o s s  n a t io n a l  p roduct  and n a t i o n a l  income 
a ccou n ts  do not  g iv e  a c o n y le t e  a cco u n tin g  o f  the v a lu e  o f  th e  output of  
f i n a l  goods and s e r v i c e s  r e s u l t i n g  from governmental in v e s tm e n ts  b eca u se  
on ly  government e x p e n d itu r e s  are  in c lu d e d .  This  i s  e s p e c i a l l y  t r u e  i n  
th o se  s i t u a t i o n s  where governm ental investm ent i s  r e q u ir e d  t o  overcome
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in p e r f e c t i o n s  in  the p r iv a t e  m arket. T h e r e fo r e ,  n a t io n a l  economic d ev e lo p ­
ment a s  d e f in e d  in  th e s e  s tan d ard s  i s  o n ly  p a r t i a l l y  r e f l e c t e d  in  the  g r o ss  
n a t io n a l  product and n a t io n a l  income a cco u n tin g  framework.
A s im i la r  s i t u a t i o n  p r e v a i l s  where a p r iv a t e  in vestm en t r e s u l t s  in  
the p ro d u ct io n  o f  f i n a l  p u b l i c  goods or e x t e r n a l i t i e s  th a t  are not  
exchanged in  the market.
Components o f  th e  n a t io n a l  economic development o b j e c t i v e  in c lu d e :
a .  The v a lu e  o f  in c r e a s e d  ou tp u ts  o f  goods and s e r v i c e s  r e s u l t i n g  
from a p la n .  Developments o f  w ater  and land re so u r c e s  r e s u l t  in  in c r e a se d  
p ro d u ct io n  o f  goods and s e r v i c e s  which can be measured in  terms o f  t h e i r  
v a lu e  to  th e  u s e r .  In c r e a s e s  i n  crop y i e l d s ,  expanding r e c r e a t i o n a l  u s e ,  
and peak in g  c a p a c i ty  fo r  power system s are examples o f  d i r e c t  i n c r e a s e s  
in  t h e  N a t io n ' s  output which r e s u l t  from w ater and r e la t e d  land r e so u r c e s  
d evelopm ents .  Moreover, such developm ents  o f t e n  r e s u l t  in  a change in  th e  
p r o d u c t iv i t y  o f  n a tu r a l  r e s o u r c e s  and th e  p r o d u c t iv i t y  o f  labor  and c a p i t a l  
used w ith  th e s e  r e s o u r c e s .  In c r e a s e d  e a rn in g s  from changes in  land u s e ,  
reduced d i s r u p t io n  o f  economic a c t i v i t y  due t o  d rou gh ts ,  f l o o d s  and f l u c ­
t u a t in g  w ater  s u p p l i e s ,  and rem oval of  c o n s t r a in t s  on p ro d u ct io n  through  
in c r e a s e d  w ater  s u p p l i e s  are e x a n ^ le s  o f  d i r e c t  in c r e a s e s  in  p r o d u c t iv i t y  
from w ater  s u p p l ie s  are exam ples o f  d i r e c t  in c r e a s e s  in  p r o d u c t iv i t y  
from w ater and land development th a t  c o n tr ib u te  to  n a t i o n a l  o u tp u t .  
Development o f  w ater  and land r e s o u r c e s  may r e s u l t  in  in c r e a se d  p ro d u ct io n  
from the employment o f  o th e r w is e  unemployed or underemployed r e s o u r c e s ,  as  
w e l l  as c o n t r ib u t io n s  t o  in c r e a s e d  ou tp u t due t o  c o s t  s a v in g s  r e s u l t i n g  
in  th e  r e l e a s e  o f  r e s o u r c e s  f o r  employment e ls e w h e r e .
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b . The v a lu e  o f  output r e s u l t i n g  from e x t e r n a l  econom ies. In  a d d i t io n  
t o  th e  v a lu e  o f  goods and s e r v i c e s  d e r iv e d  by u sers  of  outputs  o f  a p la n ,  
th e r e  may be e x t e r n a l  g a in s  t o  o th e r  in d iv id u a l s  or groups.
E f f e c t s  on O b je c t iv e s
For each  a l t e r n a t i v e  p la n  t h e r e  w i l l  be a complete d is p la y  o r  a ccou n tin g  
o f  r e le v a n t  b e n e f i c i a l  and a d v e r s e  e f f e c t s  on th e  n a t io n a l  economic d e v e lo p ­
ment and env iron m en ta l q u a l i t y  o b j e c t i v e s .  A l t e r n a t iv e  p lans  w i l l  be 
form ulated  t o  o p t im ize  t h e i r  c o n t r ib u t io n s  to  th e  two o b j e c t i v e s .
B e n e f i c i a l  and a d verse  e f f e c t s  are  measured in  bo th  monetary and 
nonmonetary term s. E s t im a t in g  t h e s e  b e n e f i c i a l  and adverse  e f f e c t s  i s  
undertaken in  order  to  measure and d i s p la y  in  ap p ro p r ia te  a ccou n ts  the  
n e t  changes w ith  r e s p e c t  to  p a r t i c u l a r  o b j e c t i v e s  th a t  are g en era ted  by 
a l t e r n a t i v e  p la n s .
The p r i o r i t i e s  and p r e f e r e n c e s  o f  the v a r io u s  in d iv id u a ls  a f f e c t e d  
w i l l  vary and, a c c o r d in g ly ,  t h e r e  w i l l  l i k e l y  not  be f u l l  agreement among 
a l l  a f f e c t e d  on whether c e r t a i n  e f f e c t s  are  b e n e f i c i a l  or adverse  or on th e  
r e l a t i v e  t r a d e - o f f s  between o b j e c t i v e s .  However, when any p lan  i s  recommended 
from among a l t e r n a t i v e  p l a n s ,  th e r e  i s  an i m p l i c i t  e x p r e s s io n  o f  what i s  
c o n s id e r e d  t o  be th e  a f f e c t e d  g r o u p 's  p r i o r i t i e s  and p r e f e r e n c e s .
E f f e c t s  on some components o f  th e  o b j e c t i v e s  are  g e n e r a l ly  regarded  
a s  f a v o r a b le .  These i n c l u d e ,  f o r  exam ple, g a in s  in  n a t io n a l  o u tp u t .  For 
o th e r  o b j e c t i v e s  and com ponents, however, p r e fe r e n c es  w i l l  d i f f e r .  This  
w i l l  c e r t a i n l y  be tr u e  o f  some o f  th e  components making up th e  en v iro n m en ta l
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q u a l i t y  o b j e c t i v e .  For such i n s t a n c e s ,  p lan n in g  provides in form ation  which  
shou ld  f a c i l i t a t e  p la n n in g  d e c i s i o n s  and reduce c o n f l i c t  over  such d e c i s i o n s .
1. R e la t io n sh ip  of b e n e f i c i a l  and ad verse  e f f e c t s  to o b j e c t i v e s  
B e n e f i c i a l  and a d v erse  e f f e c t s  w i l l  be i d e n t i f i e d  for  n a t io n a l  economic
development and env ironm ental q u a l i t y  o b j e c t i v e s  and w i l l  be d i s p la y e d .
A ls o ,  s in c e  b e n e f i c i a l  and a d v erse  e f f e c t s  may be of a monetary or non­
monetary n a tu r e ,  they may be measured in  d o l l a r s  or in p h y s i c a l ,  b i o l o g i c a l ,  
or o ther  q u a n t i t a t iv e  u n i t s  or q u a l i t a t i v e  terms as a p p ro p r ia te .
The o b j e c t i v e s  are  not  m u tu a lly  e x c l u s i v e  w ith  resp ect  t o  b e n e f i c i a l  
and adverse  e f f e c t s .  Conqsarisons and e v a lu a t io n s  of p la n s  re q u ir e  measure­
ment or q u a n t i f i c a t i o n  o f  s im i la r  e f f e c t s  i n  terms of common s ta n d a r d s .  The 
s e l e c t e d  standards may be in  terms of d o l l a r s ,  acres o f  la n d ,  a c r e - f e e t  or  
c u b i ( - f e e t - p e r - s e c o n d  o f  w a te r ,  m i l e s  o f  t r a i l s  or stream s, number of  
p e o p le ,  and s o  on. The nonmonetary measures must include ap p ro p r ia te  
q u a l i t a t i v e  d im en s io n s .
2. In c id en ce  o f  b e n e f i c i a l  and a d v e r se  e f f e c t s . The d i s t r i b u t i o n  among 
groups and tim e of  b e n e f i c i a l  and a d v erse  e f f e c t s  i s  an im portant c o n s id e r a ­
t i o n  in  the e v a lu a t io n  o f  p la n s .  Those groups who are a f f e c t e d  by a p lan  
should  be i d e n t i f i e d .  Those who a r e  b e n e f i t e d  or ad verse ly  a f f e c t e d  by a 
p lan  may be lo c a te d  w ith in  th e  p la n n in g  area  or reg io n ,  o r  th ey  may be in
an area or r e g io n  im m ediate ly  a d j a c e n t ,  or they  may be in d i s t a n t  r e g io n s  
which are noncontiguous w ith  th e  p la n n in g  a r e a .  The b e n e f i c a l  and adverse  
e f f e c t s  may a l s o  occur im m ediate ly  or i n  th e  fu tu re  in  any o f  th e  a r e a s  or  
r e g io n s .
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3. With and w ithout a n a l y s i s . In p lann ing  w ater  and land r e s o u r c e s ,  bene­
f i c i a l  and ad verse  e f f e c t s  o f  a proposed p lan  sh ou ld  be measured by comparing 
th e  e s t im a te d  c o n d i t io n s  w ith  the plan w ith  the  c o n d i t io n s  exp ected  without  
the  p la n .  Thus, i n  a d d i t io n  to  p r o j e c t in g  the  b e n e f i c a l  and adverse  e f f e c t s  
exp ected  w ith  the  p lan  in  o p e r a t io n ,  i t  i s  n e c e s s a r y  to  p r o j e c t  th e  con d i­
t i o n s  l i k e l y  to  occu r  in  the  absence o f  a p la n .  Economic, s o c i a l ,  and 
environm enta l  c o n d i t io n s  are  not s t a t i c ,  and changes w i l l  occur  even without  
a p la n .  Only th e  new or a d d i t i o n a l  changes th a t  can be a n t i c i p a t e d  a s  a 
r e s u l t  o f  a proposed plan shou ld  be a t t r ib u t e d  a s  b e n e f i c i a l  and adverse  
e f f e c t s  o f  the p la n .
4 . Monetary b e n e f i c i a l  e f f e c t s . For many goods and s e r v i c e s  the c o n v en t io n a l  
market mechanism or  s im u la t io n  th e r e o f  p r o v id e s  a v a l i d  measure o f  exchange 
v a lu e s ,  ex p r e sse d  in  monetary term s. The v a lu e s  determ ined  by the  market
may need adjustm ent t o  account f o r  im p erfec t  market c o n d i t i o n s .  C on tr ib u tion s  
t o  n a t i o n a l  economic development and th e  income component o f  r e g io n a l  develop­
ment are o f  the  monetary ty p e  o f  b e n e f i c i a l  e f f e c t s .  In a d d i t i o n ,  c e r ta in  
components o f  th e  env iron m en ta l q u a l i t y  o b j e c t i v e  can be a n a lyzed  in  terms 
o f  monetary v a l u e s -
5. Monetary a d v erse  e f f e c t s . Adverse e f f e c t s  r e s u l t ,  j u s t  a s  b e n e f i c i a l  
e f f e c t s  do , from th e  im plem entation  o f  a p a r t i c u l a r  p la n .  Values f o r  some 
adverse  e f f e c t s  can be b ased  on or d er iv ed  from a c t u a l  o r  s im u la ted  market 
p r i c e s .  For exam ple, th e  c o s t s  o f  goods and s e r v i c e s  u sed  in  c o n s tr u c t in g  
and o p e r a t in g  a p r o j e c t  or  payment fo r  damages even though no goods or  
s e r v i c e s  a r e  b e in g  a cq u ired  can be d er ived  from a c t u a l  market p r i c e s .  The
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p r i c e s  determ ined by the  market may need adjustm ent to  account f o r  im p er fec t  
market c o n d i t io n s .  Some adverse  e f f e c t s  are  not r e p r e se n te d  by a c t u a l  
cash e x p e n d i tu r e s ;  but market p r i c e s  can be used to  e s t im a t e  or d e r iv e  the  
a p p rop r ia te  monetary v a lu e s  by u s e  o f  a s im u la ted  market p r i c e  or  by 
o b se r v in g  market p r ic e s  f o r  s i m i l a r  goods and s e r v i c e s .
6 .  Nonmonetary b e n e f i c i a l  e f f e c t s . There are many e f f e c t s  which cannot  
or shou ld  not be ex p ressed  in  monetary v a l u e s .  This i s  t r u e  o f  many 
c o n t r ib u t io n s  t o  env ironm ental q u a l i t y  o b j e c t i v e .
When e f f e c t s  cannot o r  should  not be ex p ressed  in  monetary te r m s , 
they  w i l l  be s e t  f o r t h ,  in s o f a r  a s  i s  reason ab ly  p o s s i b l e ,  in  a p p r o r ia te  
q u a n t i t a t i v e  and q u a l i t a t i v e  p h y s i c a l ,  b i o l o g i c a l ,  or  o th e r  measures  
r e f l e c t i n g  th e  enhancement or  improvement o f  the  c h a r a c t e r i s t i c s  r e le v a n t  
t o  th e  type o f  e f f e c t s  under c o n s id e r a t io n .
When s p e c i f i e d  minimum t e c h n i c a l  or i n s t i t u t i o n a l  s ta n d a rd s  r e la t e d  
to  th e  env ironm enta l  q u a l i t y  o b j e c t iv e  w i l l  be met or o th e r w is e  exceed ed ,  
they  w i l l  be e x p l i c i t l y  i d e n t i f i e d .
I f  p a r t i c u l a r  nonmonetary b e n e f i c i a l  e f f e c t s  or  s e r v i c e s  are  not amenable 
t o  q u a n t i t a t i v e  measurement they sh ou ld  be d esc r ib e d  as  f u l l  a s  p o s s i b l e  
in  a p p ro p r ia te  q u a l i t a t i v e  term s.
7. Nonmonetary adverse  e f f e c t s . There are adverse  e f f e c t s  t h a t  cannot be 
v a lu ed  by market p r ic e s  and d i r e c t  com pensation f o r  th e s e  a d v e r se  e f f e c t s  
may n o t  be p o s s i b l e .  N e v e r t h e l e s s ,  th ey  sh ou ld  be accounted  f o r  by use
o f  ap p ro p r ia te  nonmonetary v a lu e s  or d e sc r ib e d  as c a r e f u l l y  a s  p o s s i b l e .
The nonmonetary v a lu e s  may be ex p ressed  in  terms o f  a p h y s i c a l ,  b i o l o g i c a l .
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or o th er  q u a n t i t a t i v e  u n i t s  or q u a l i t a t i v e  term s.
The a d verse  e f f e c t s  o f  a nonmonetary nature  w i l l  g e n e r a l ly  be re la ted  
to  en v iron m en ta l q u a l i t y .
B e n e f i c i a l  E f f e c t s  on N a t io n a l  Economic Development
B e n e f i c i a l  e f f e c t s  in  th e  n a t io n a l  economic development account a r e  th e  
in c r e a s e s  o f  the  v a lu e  o f  th e  output o f  goods and s e r v i c e s  and improvements 
in  n a t io n a l  economic e f f i c i e n c y .
1. G eneral measurement c o n c e p t s . There are two b a s i c  s o u r c e s  o f  increased  
output o f  goods and s e r v i c e s  th a t  c o n tr ib u te  toward enhancing  n a t io n a l  
economic deve lopm ent. F i r s t ,  a d d i t io n a l  r e s o u r c e s  may be employed using  
normal p r o d u c t io n  te c h n iq u e s ,  a s ,  f o r  example, in  th e  a p p l i c a t i o n  of i r r i ­
g a t io n  w ater  and o th e r  a s s o c i a t e d  r e so u r c e s  to  land fo r  th e  p rod u ct ion  of  
a g r i c u l t u r a l  com m odities or in  th e  use o f  e l e c t r i c  power and o th e r  a s s o c ia t e d  
r e so u r c e s  f o r  th e  p ro d u ct io n  o f  aluminum. Second, r e so u r c e  p r o d u c t iv i ty  
changes may be induced by the  p la n ,  r e s u l t i n g  in  more e f f i c i e n t  production  
t e ch n iq u es  to  be used to  a c h ie v e  a h ig h er  l e v e l  o f  output from the same 
r e so u r c e s  or  th e  same l e v e l  o f  a s p e c i f i c  output w ith  few er  reso u rces  or the  
employment o f  o th e r w is e  unemployed or  underemployed r e s o u r c e s  than would 
be a ch iev ed  w ith ou t  th e  p la n .  In the  l a t t e r  c a s e ,  th e  r e l e a s e  o f  p rod u ctive  
r e so u r c e s  which can be employed e lsew h ere  in  th e  economy f o r  th e  production  
o f  o th e r  goods and s e r v i c e s  u l t i m a t e l y  r e s u l t s  i n  an in c r e a s e  in  n a t io n a l  
output as a consequence o f  a p la n .  These two s o u r c e s  o f  in c r e a s e d  output  
may apply  t o  s i t u a t i o n s  in  which the  p lan  r e s u l t s  in  th e  production  o f
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f i n a l  consumer goods or in te r m e d ia te  producer goods u t i l i z e d  by d i r e c t  
u s e r s ;  and they  may a l s o  apply  in  s i t u a t i o n s  in  which f irm s are  i n d i r e c t l y  
a f f e c t e d  through economic in terd ep en d en ce  w ith  f irm s which u t i l i z e  th e  
in te r m e d ia te  producer goods from th e  p la n .
For con ven ien ce  o f  measurement and a n a l y s i s ,  b e n e f i c i a l  e f f e c t s  on 
n a t io n a l  economic development are  c l a s s i f i e d  as  f o l l o w s :
a .  The v a lu e  o f  in c r e a s e d  o u tp u ts  o f  goods and s e r v i c e s  from a p la n ;
b. The va lu e  o f  output r e s u l t i n g  from e x t e r n a l  economies caused  by a
p la n .
In each c a s e ,  w ith  and w ith o u t  a n a l y s i s  must be a p p l ie d  t o  a s c e r t a i n  
th a t  w ith  a p lan  th e r e  i s  a n e t  in c r e a s e  in  the p rod u ct ion  o f  goods and 
s e r v i c e s ,  r e g a r d le s s  of s o u r c e ,  over  th o se  th a t  would be o b ta in ed  i n  the  
absence  o f  the p la n .
The g e n e r a l  measurement s tandard  fo r  in c r e a s e s  in  th e  n a t i o n a l  output  
o f  goods and s e r v i c e s  w i l l  be the  t o t a l  v a lu e  o f  th e  i n c r e a s e ,  where t o t a l  
v a lu e  i s  d e f in e d  as the  w i l l i n g n e s s  o f  u se r s  t o  pay f o r  each increm ent of  
output from a p la n .  Such a v a lu e  would be ob ta ined  i f  the " s e l l e r "  o f  
th e  output was a b le  to  app ly  a f l e x i b l e  u n i t  p r i c e  and charge each u ser  
(consumer) an i n d i v i d u a l  p r i c e  t o  capture the f u l l  v a lu e  o f  the  o u tp u t  t o  
the  u s e r .  This concept i s  I l l u s t r a t e d  below.
P r ic e  per p 
u n it  o f  
output
o Market demand 
g fo r  output
T o ta l  Value or W i l l in g n e s s  t o  Pay fo r  In crea sed  Output
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Assuming th e  normal demand-output r e l a t i o n s h i p ,  a d d i t i o n a l  p la n  output  
w i l l  be taken  by users a s  th e  u n i t  p r ic e  o f  output f a l l s .  I f ,  as a  r e s u l t  
of the p la n ,  output i s  in c r e a s e d  by an amount -  Qq , th e  t o t a l  v a lu e  of
t h i s  a d d i t i o n a l  output t o  th e  u s e r s  i s  measured by th e  e n t i r e  shaded area
on the  c h a r t .  This i s  a  la r g e r  amount than would be r e f l e c t e d  by th e  market 
v a lu e .  I t  i s  the  sum o f  market p r i c e  t im es in c r e a se d  q u a n t i ty  ( r e p r e se n te d  by 
th e  r e c t a n g le  CBQ̂ Qg) p lu s  the consumer su rp lu s  fo r  t h a t  in c r e a s e  ( r e p r e se n te d  
by the  t r i a n g l e  ABC).
S in c e ,  in  most i n s t a n c e s ,  i t  i s  not p o s s i b l e  f o r  th e  p lanner  t o  
measure th e  a c tu a l  demand s i t u a t i o n ,  th ree  a l t e r n a t i v e  tech n iq u es  can be used  
to  o b ta in  an es t im a te  o f  th e  t o t a l  v a l u e  o f  th e  output o f  the p la n —w i l l i n g ­
n e s s  t o  pay , change i n  n e t  incom e, and th e  most l i k e l y  a l t e r n a t i v e .
I f  th e  a d d i t io n a l  ou tp u t  from a p lan  i s  not e x p e c te d  t o  have a
s i g n i f i c a n t  e f f e c t  on p r i c e ,  a c t u a l  or  s im u la ted  market p r i c e s  w i l l  c l o s e l y  
approxim ate the t o t a l  v a lu e  of  t h e  o u tp u t .  This i s  t r u e  because  t h e r e  would 
be no consum er's s u r p lu s .  I f  t h e  a d d i t io n a l  output i s  ex p e c te d  t o  s i g n i f i ­
c a n t ly  i n f lu e n c e  market p r i c e  (a s  in  F igu re  1 ) ,  a p r i c e  midway between th a t  
ex p ec ted  w ith  and w ith o u t  th e  p la n  may be used to  e s t im a t e  the  t o t a l  v a lu e .  
T h is  would approximate th e  w i l l i n g n e s s  t o  pay, in c lu d in g  consumer s u r p lu s e s ,  
in most c a s e s .
When outputs  of  a p la n  are  in te r m e d ia te  goods or s e r v i c e s ,  th e  n e t  
income o f  th e  (producer) u se r  may be in c r e a s e d .  Where changes in  n e t  
income o f  each in d iv id u a l  u ser  can be e s t im a te d ,  a c l o s e  approxim ation  o f  
th e  t o t a l  v a lu e  of t h e  output o f  the  p lan  ( in c lu d in g  consumer s u r p lu s e s )  
w i l l  be o b ta in e d .
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The c o s t  o f  th e  most l i k e l y  a l t e r n a t i v e  means o f  o b ta in in g  th e  d e s ir e d  
output can be used t o  approximate t o t a l  v a lu e  when the  w i l l i n g n e s s  t o  pay 
or change in  net income methods cannot be used . The c o s t  o f  th e  most l i k e l y  
a l t e r n a t i v e  means w i l l  g e n e r a l ly  m is s t a t e  the  t o t a l  v a lu e  o f  th e  output o f  
a p la n .  This  i s  because i t  m erely  i n d i c a t e s  \rfiat s o c i e t y  must pay by the  
n ex t  most l i k e l y  a l t e r n a t i v e  t o  s e c u r e  the  o u tp u t ,  ra th er  than e s t im a t in g  
th e  r e a l  v a lu e  o f  the  output o f  a p lan  t o  th e  u s e r s .  This a ssu m es ,  o f  
c o u r s e ,  th a t  s o c i e t y  would in  f a c t  undertake th e  a l t e r n a t i v e  means. Because  
th e  p la n n e r  may not be a b le  t o  determ ine whether a l t e r n a t i v e  means would be 
undertaken  in  th e  absence  o f  th e  p r o j e c t , t h i s  procedure fo r  b e n e f i t  e s t im a t io n  
must be used c a u t i o u s l y .
A p p l ic a t io n  o f  th e s e  g e n e r a l  measurement standards w i l l  n e c e s s a r i l y  
v a r y ,  depending upon the  so u rce  by which output i s  in c r e a se d  ( t h a t  i s ,  v ia  
d i r e c t  in c r e a s e s  in  prod u ction  or through subsequent employment o f  r e le a s e d  
r e s o u r c e s ) , upon th e  type  o f  good or s e r v i c e  produced (whether t h e  output  
i s  an in te r m e d ia te  or f i n a l  g o o d ) , and upon th e  type and natu re  o f  a v a i l a b l e  
a l t e r n a t i v e s .  G eneral measurement methods fo r  each type o f  s i t u a t i o n  as  w e l l  
a s  an in d i c a t i o n  o f  th e  w ater and land reso u rce  p lan  ou tp u ts  t o  which th e s e  
s ta n d a rd s  are  a p p l i c a b le  are p r e se n te d  below.
a .  D ir e c t  output i n c r e a s e s . D ir e c t  o u tp u ts  o f  w ater and land r e so u rce  
p la n s  may be i n  th e  form o f  e i t h e r  f i n a l  consumer goods or in te r m e d ia te  
go o d s .  An e f f e c t i v e  d i r e c t  o r  d er iv ed  demand must e x i s t  f o r  th e  f i n a l  and 
in te r m e d ia te  g o o d s ,  r e s p e c t i v e l y ,  t o  in c lu d e  th e  in c r e a se d  ou tp u t a s  a con­
t r i b u t i o n  t o  n a t i o n a l  economic development.
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C erta in  consumer goods and s e r v i c e s  may r e s u l t  d i r e c t l y  from w ater  
p r o j e c t s  and be used  w ith  no a d d i t i o n a l  p ro d u ct io n  r e s u l t i n g  th erefrom .  
R e c r e a t io n ,  m u n ic ip a l ,  w a te r ,  and e l e c t r i c  power fo r  r e s i d e n t i a l  use a r e  
examples o f  t h i s  type  o f  good or s e r v i c e .  Most goods and s e r v i c e s  produced  
by w ater  p r o j e c t s  are  not  d i r e c t l y  consumed, how ever, but are  in te r m e d ia te  
prod u cts  th a t  s e r v e  a s  in p u ts  fo r  producers  o f  f i n a l  goods or producers  
o f  o th er  in te r m e d ia te  good s .  The development of  i r r i g a t i o n  w ater  fo r  use in  
producing  food  and f i b e r  or su p p ly in g  e l e c t r i c  power and w ater  fo r  in d u s tr y  
are  exam ples.
The v a lu e s  o f  in c r e a se d  output r e s u l t i n g  d i r e c t l y  from p la n s  th a t  produce  
f i n a l  consumer goods or s e r v i c e s  i s  p rop er ly  measured as  th e  w i l l i n g n e s s  t o  
pay by f i n a l  u s e r s  fo r  such o u tp u t .  When a c o m p e t i t iv e  market p r ic e  i s  not  
d i r e c t l y  a v a i l a b l e ,  and th e  in c r e a s e d  output w i l l  n o t  be la r g e  enough to  
a f f e c t  p r i c e s ,  t o t a l  v a lu e  o f  output may be e s t im a te d  by s im u la te d  market 
p r i c e s  or th e  u se  o f  th e  c o s t  o f  t h e  most l i k e l y  a l t e r n a t i v e  means o f  producing  
such f i n a l  o u tp u t .  Examples o f  ty p e s  o f  ou tp u ts  to  which t h i s  method may be 
a p p l ie d  in c lu d e :
a .  Community and r e s i d e n t i a l  w ater  su p p ly;
b .  E l e c t r i c  power prov ided  f o r  community and r e s i d e n t i a l  u se ;  and
c .  R e c r e a t io n  enhancement.
The v a lu e  o f  in c r e a se d  output o f  in te r m e d ia te  goods and s e r v i c e s  i s  
measured by t h e i r  t o t a l  v a lu e  as in p u ts  t o  producers  o f  f i n a l  consumer 
p r o d u c ts .  The in te r m e d ia te  product from th e  p la n  may enable  th e  p roducers  
t o  i n c r e a s e  p r o d u c t io n  o f  f i n a l  consumer g o o d s ,  or reduce c o s t s  o f  p r o d u c t io n  
which in  e f f e c t  r e l e a s e s  r e so u r c e s  f o r  u se  e lse w h e r e  in  th e  economy. In
126
e i t h e r  c a s e ,  the t o t a l  v a lu e  o f  th e  in term ed ia te  goods or s e r v ic e s  to  th e  
producer i s  p r o p e r ly  measured a s  th e  in c r e a s e  in  n e t  income r e c e iv e d  by th e  
producers w ith  a p la n  as compared w ith  the  n et  income r e c e iv e d  in the absence  
o f  a p la n .  Net income i s  d e f in e d  as  the market v a lu e  o f  producers' ou tp u ts
l e s s  the  market v a lu e  o f  p ro d u cers '  in p u ts  e x c l u s i v e  o f  th e  c o s t  o f  the
in te r m e d ia te  goods or  s e r v i c e s  r e s u l t i n g  from a p la n .  Examples o f  ty p es  
o f  p lan  outputs  t o  which t h i s  method may be a p p l ie d  in c lu d e :
a . A g r ic u l t u r a l  w ater su p p ly ;  and
b. A g r ic u l t u r a l  f lo o d  damage a l l e v i a t i o n ,  land s t a b i l i z a t i o n ,  d ra in age
and r e la t e d  a c t i v i t i e s .
Where n e t  income changes cannot be d i r e c t l y  de term in ed , however, th e  
v a lu e  of  the in te r m e d ia te  goods and s e r v i c e s  to  producers w i l l  be measured 
e i t h e r  in  terms o f  c o m p e t i t iv e  market v a lu e s ,  when c o m p e t i t iv e  c o n d i t io n s  
e x i s t ,  or  approximated by th e  c o s t  of the l i k e l y  a l t e r n a t i v e  th a t  th e  producers  
would u t i l i z e  in th e  absence  o f  a p lan  t o  a c h ie v e  the  same l e v e l  o f  o u tp u t .  
Examples of  ty p e s  o f  plan o u tp u ts  to  which t h i s  method may be a p p l ie d  in c lu d e :
a .  I n d u s t r i a l  and commercial water su p p ly;
b. Urban f l o o d  damage a l l e v i a t i o n ;
c .  E l e c t r i c  power p rov id ed  f o r  i n d u s t r i a l ,  com m ercial,  and a g r i c u l t u r a l
u s e s  ;
d. T r a n sp o r ta t io n ;  and
e .  Commercial f i s h e r y  enhancement.
b . I n c r e a s e s  i n  output r e s u l t i n g  from e x t e r n a l  eco n o m ies . In c r e a se d  
ou tp u t o f  i n d i v i d u a l  f irm s o r  in d u s t r i e s  d i r e c t l y  a f f e c t e d  by the p lan  may 
c r e a t e  s i t u a t i o n s  in  which r e l a t e d  f irm s or i n d u s t r i e s  are a b le  t o  take
127
advantage o f  more e f f i c i e n t  p ro d u ct io n  tech n iq u es ;  or  consumers may be 
d i r e c t l y  a f f e c t e d  by a p r o j e c t  (such  as  through fa v o r a b le  env iron m en ta l  
ch a n g e s ) .  Such p r o d u c t iv i t y  changes or t e c h n o l o g i c a l  e x t e r n a l  econom ies  
can be a t t r i b u t e d  as a b e n e f i t  t o  a p la n .  For example h ig h e r  l e v e l s  
o f  output by d i r e c t l y  a f f e c t e d  f irm s  may en a b le  subsequent p r o c e s s in g  
f irm s to  use  more e f f i c i e n t  p r o c e s s in g  te c h n iq u e s  and th ereb y  r e l e a s e  
r e so u r c e s  f o r  use in  producing  o th e r  goods and s e r v i c e s  or perm it the  
h ig h er  l e v e l  o f  output to  be p r o c e s se d  w ith  no a d d i t i o n a l  r e s o u r c e s .
P resen t  te c h n iq u e s  are not  w e l l  developed f o r  m easuring th e  b e n e f i c i a l  
e f f e c t s  a c c r u in g  from e x t e r n a l  econom ies.  However, in  s i t u a t i o n s  where 
i t  i s  thought th a t  the in c r e a s e d  output o f  f i n a l  consumer goods or  
in te r m e d ia te  goods used by d i r e c t  u s e r s  can be ex p ec ted  to  in c r e a s e  the  
p r o d u c t iv i t y  or  output o f  r e la t e d  f ir m s ,  an a ttem pt should  be made to  
measure the n e t  income change r e s u l t i n g  from such e x t e r n a l i t i e s .  When 
t h i s  i s  done th e  methodology shou ld  be c a r e f u l l y  documented in  th e  r e p o r t .
2. Measurement o f  the  v a lu e  t o  u s e r s  of  in c r e a s e d  o u t p u t s .
a . Water s u p p ly . P la n s  fo r  th e  p r o v is io n  o f  w ater  su p p ly  a r e  g e n e r a l ly  
d es ig n ed  to  s a t i s f y  requ irem ents  f o r  water a s  a f i n a l  good t o  d om estic  
and m u n ic ip a l u s e r s  and a s  an in te r m e d ia te  good to  a g r i c u l t u r e  and 
i n d u s t r i a l  u s e r s .  P r o v is io n  o f  w ater  supply  t o  s a t i s f y  req u irem en ts  in  
th ese  u s e s  g e n e r a l ly  r e q u i r e s ,  e i t h e r  s e p a r a t e ly  o r  in  com b in a t io n ,  an 
in c r e a s e  in  w ater  q u a n t i t y ,  an improvement in  w ater  q u a l i t y ,  and an 
improvement in  th e  r e l i a b i l i t y  o f  both q u a n t i t y  and q u a l i t y .
Where i t  i s  n e c e s sa r y  t o  use a l t e r n a t i v e  c o s t s  fo r  approxim ation  o f  
t o t a l  v a lu e  f o r  w ater s u p p ly ,  a s  prov ided  h e r e i n ,  th e  a l t e r n a t i v e  s e l e c t e d
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must be a l i k e l y  and r e a l i s t i c  a l t e r n a t i v e  d i r e c t l y  r e s p o n s iv e  to  
achievem ent o f  t h i s  p a r t i c u l a r  c a te g o r y ,  namely th e  a d d i t io n a l  output  
o f  water a s  an input to  i n d u s t r i a l ,  a g r i c u l t u r a l ,  and m u n ic ip a l  u s e s  
or as  a f i n a l  good f o r  community and in d iv id u a l  u s e s .  M oreoever, th e  
a l t e r n a t i v e  must be a v i a b l e  one in  terms o f  e n g in e e r in g  and f i n a n c i n g  
and must be i n s t i t u t i o n a l l y  a c c e p t a b le .  I t  must be more than a  h y p o t h e t i c a l  
p r o j e c t .  I t  must be a r e a l  a l t e r n a t i v e  th a t  could  and would l i k e l y  be  
undertaken in  the absence  o f  th e  proposed program, fo r  i n s t a n c e ,  th e  
r e u se  or r e c y c l i n g  o f  e x i s t i n g  water s u p p l i e s  or th e  use o f  a v a i l a b l e  
groundwater, in c lu d in g  the improvement o f  i t s  q u a l i t y ,  i f  n e c e s s a r y .
Although w ater  supp ly  can o f t e n  be c o n s id ered  as  a f i n a l  g ood , th e r e  
u s u a l ly  does not e x i s t  a market v a lu e  in  terms o f  p r ic e  t h a t  d i r e c t l y  
e x p r e s s e s  u s e r s '  v a lu a t io n  o f  w ater  su p p ly  fo r  community and i n d i v i d u a l  
u s e .  When t h i s  i s  th e  c a s e ,  th e  t o t a l  v a lu e  of th e  w ater  may be d e r iv e d  
u s in g  the c o s t  o f  th e  a l t e r n a t i v e  that would prov id e  e s s e n t i a l l y  a 
comparable w ater  supply  s e r v i c e ,  in  both  q u a n t i ty  and q u a l i t y ,  t h a t  would  
in  f a c t  be u t i l i z e d  in  the ab sen ce  of  th e  water su p p ly  p ro v id ed  by th e  
p la n .  Where such an a l t e r n a t i v e  source  i s  not a v a i l a b l e  or would n o t  be 
e c o n o m ic a l ly  f e a s i b l e ,  a market v a lu e  f o r  th e  w a ter  may be d e r iv e d  on 
t h e  b a s i s  o f  the  p r ic e  paid  by o th er  l i k e  u sers  or  the  average  c o s t  o f  
a comparable water s e r v i c e  from m u n ic ip a l w ater  supp ly  p r o j e c t s  planned  
or  r e c e n t ly  c o n s tr u c te d  in  th e  g e n e r a l  r e g io n .
The t o t a l  v a lu e  o f  w ater  t o  th e  p roducers u s in g  in c r e a s e d  s u p p l i e s  i s  
r e f l e c t e d  in  th e  change in  t h e i r  net income w ith  a p lan  f o r  th e  p r o v i s io n  
o f  water su p p ly  compared w ith  t h e i r  n e t  incomes w ith ou t th e  p l a n .  I t  
i s  r e co g n ized  th a t  fo r  many p la n n in g  s t u d i e s  i t  i s  not  p o s s i b l e  to  e i t h e r
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s p e c i f i c a l l y  i d e n t i f y  net income changes a c c r u in g  t o  f irm s  u s in g  water  
supply f o r  p ro d u ct iv e  purposes or a lw ays p o s s i b l e  t o  determ ine what 
part o f  a m u n ic ip a l  su p p ly  i s  used fo r  p r o d u c t iv e  p u r s u i t s  or fo r  
g en era l  community or in d iv id u a l  u s e s  as s e t  f o r t h  be low . In th e s e  c a s e s ,  
t o t a l  v a lu e  t o  the  u sers  can be approximated by use o f  th e  c o s t  o f  the  
a l t e r n a t i v e  that  would be employed t o  a c h ie v e  th e  same p rod u ct ion  th a t  
would be u t i l i z e d  in  th e  absence  of  th e  w ater  supp ly  prov ided  by a p lan .
Water su p p ly  f o r  i r r i g a t i o n  i s  an input to  t h e  p ro d u ct io n  o f  food and 
f i b e r .  This  may r e s u l t  i n  a net in c r e a s e  in  p ro d u ct io n  o f  s p e c i f i e d  
p r o d u c ts ,  the  red u c t io n  i n  prod u ction  c o s t ,  or a com bination o f  both .  
B e n e f i c i a l  e f f e c t s  from th e  a p p l i c a t io n  of  i r r i g a t i o n  w ater  s u p p l i e s  w i l l  
be based upon t o t a l  v a lu e  to a g r i c u l t u r a l  p roducers  and w i l l  be measured as  
the  in c r e a s e  in  n e t  farm income w ith  and w ith o u t  a p lan  fo r  p ro v id in g  
i r r i g a t i o n  w ater .  This may be measured d i r e c t l y  as th e  sum o f  n e t  incomes 
o f  farm e n t e r p r i s e s  b e n e f i t i n g  from a p lan  fo r  i r r i g a t i o n .
Gross farm income com prises  t o t a l  annual r e c e i p t s  from the  s a l e  of  
c r o p s ,  l i v e s t o c k ,  l i v e s t o c k  p r o d u c ts ,  and th e  v a lu e  o f  p e r q u i s i t e s ,  
such a s  th e  r e n t a l  v a lu e  o f  the farm d w e l l in g  and v a lu e  o f  farm products  
consumed by th e  farm fa m ily .
Farm exp en ses  are the c o s t s  n e c e s s a r y  t o  produce and market farm 
products  and  m ainta in  and rep la ce  a l l  d e p r e c ia b le  i t e m s .
In c r e a se d  net income i s  measured as the  d i f f e r e n c e  between th e  in c r e a se  
in  g r o s s  farm income minus th e  in c r e a s e  in  farm exp en ses  a n a lyzed  w ith  and 
w ith ou t  a p la n .  Changes in  n e t  farm income aray be e s t im a te d  by an a lyz in g  
changes in  g r o s s  farm income and ex p en ses  f o r  each s e p a r a te  e n t e r p r i s e  or 
by th e  u s e  o f  r e p r e s e n t a t iv e  farm b u d g e ts .
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b . F lood c o n t r o l ,  land s t a b i l i z a t i o n ,  d ra in a g e ,  and r e la t e d  a c t i v i t i e s .
A number o f  a c t i v i t i e s ,  such as f lo o d  c o n t r o l  and p r e v e n t io n ,  f l o o d -  
p la in  management, d r a in a g e ,  p rev en t io n  o f  s e d im e n ta t io n ,  land s t a b i l i z a t i o n  
and e r o s io n  c o n t r o l ,  c o n tr ib u te  to  the o b j e c t i v e s  through improving th e  
p r o d u c t i v i t y ,  use and a t t r a c t i v e n e s s  o f  th e  N a t io n ' s  land r e s o u r c e s .  From 
th e  v iew p o in t  o f  t h e i r  c o n tr ib u t io n  to  n a t io n a l  econom ic developm ent, the  
e f f e c t  o f  th e s e  a c t i v i t i e s  on the  output o f  goods and s e r v i c e s  i s  m a n ife s ted  
by in c r e a s in g  th e  p r o d u c t iv i t y  of land or by r e d u c in g  th e  c o s t s  o f  u s in g  
th e  land r e s o u r c e s ,  thereby r e le a s in g  re so u r c e s  f o r  p rod u ct ion  o f  goods  
and s e r v i c e s  e l s e w h e r e . These a c t i v i t i e s  a f f e c t  la n d  r e so u r c e s  in  th e  
f o l lo w in g  manner:
(1) P rev en t io n  or red u c t io n  o f  in u n d ation  a r i s i n g  from stream  o v e r f lo w ,  
over lan d  w a te r f lo w ,  h igh  la k e  s t a g e s ,  and high  t i d e s ,  and p rev en t io n  o f  
damage from in ad eq u ate  dra inage;
(2) P rev en t io n  or red u c t io n  o f  s o i l  e r o s i o n ,  i n c lu d in g  sh e e t  e r o s io n ,  
g u l l y i n g ,  f l o o d - p l a i n  s c o u r in g ,  streamback c u t t i n g ,  shore or beach e r o s i o n ,  
and p r e v e n t io n  o f  se d im e n ta t io n ;  and
(3) P r e v e n t io n  or l i m i t a t i o n  o f  the  u se s  to  w hich  s p e c i f i e d  land  
r e so u r c e s  w i l l  be p u t .
There a r e  e s s e n t i a l l y  th r e e  ty p es  o f  e f f e c t s  on use  th a t  may occur as  
a b e n e f i t  from in c lu d in g  th e s e  a c t i v i t i e s  in  a p l a n .  The f i r s t  i s  an 
in c r e a s e  in  the  p r o d u c t iv i t y  of  land w ith ou t  a change in  land u s e .  The 
second i s  a s h i f t  o f  land r e so u rces  t o  a more i n t e n s i v e  use than would 
occu r  in  th e  ab sence  o f  a p la n .  The th ir d  i s  a s h i f t  o f  land r e so u r c e s  
t o  l e s s  i n t e n s i v e  use  than would occur in  the a b se n c e  o f  a p la n .  In
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each c a s e ,  th e  g e n e r a l  method o f  c a l c u l a t i n g  b e n e f i t s  i s  a p p l i c a b le .
The d i s t i n c t i o n  i s  made on ly  to  f a c i l i t a t e  th e  a p p l i c a t io n  o f  th e  g e n e r a l  
method in  d i f f e r e n t  s e t t i n g s  and a s  a means of  p r o v id in g  c r i t e r i a  fo r  the  
u se  o f  a l t e r n a t i v e  te c h n iq u e s  fo r  e s t im a t in g  n e t  income changes fo r  the  
t h r e e  c l a s s e s  o f  land u t i l i z a t i o n  under th e  w ith  and w ith ou t a n a l y s i s .
The g e n e r a l  method t o  be a p p l ie d  in  measuring e f f e c t s  fo r  th e s e  
and any o th e r  a c t i v i t i e s  th a t  r e s u l t  i n  a change in  net p r o d u c t iv i t y  or a 
r e d u c t io n  in  the c o s t  o f  using  land r e so u r c e s  i n v o lv e s  the  measurement of  
th e  d i f f e r e n c e  in n e t  income a c c r u in g  to  u se r s  o f  land r e so u rces  b e n e f i t i n g  
from such a c t i v i t i e s  compared w ith  what th e s e  u s e r s  would earn i n  th e  absence  
o f  such a p la n .  T h is  g e n e r a l ly  d e f i n e s  and e s t a b l i s h e s  th e  l i m i t  o f  the  
w i l l i n g n e s s  of  u s e r s  to  pay fo r  a p la n  t h a t  r e s u l t s  in a change in  produc­
t i v i t y  or  r e d u c t io n  in  th e  c o s t  o f  u s in g  land r e s o u r c e s .
W i l l in g n e s s  to  pay o f  th e  u s e r s ,  which i s  th e  b a s i s  fo r  approxim ating  
th e  v a lu e  o f  output from th ese  a c t i v i t i e s ,  whether i t  be in  the  form o f  
in c r e a s e d  p ro d u ct io n  of  in te r m e d ia te  or f i n a l  goods or r e l e a s e  o f  r e s o u r c e s ,  
may be o b ta in e d  by th e  f o l lo w in g  a p p roach es .
(a )  P r o d u c t iv i t y  in c r e a s e . In  t h i s  s i t u a t i o n ,  a n a l y s i s  w ith  and 
w ith o u t  th e  p lan i n d i c a t e s  that th e  cu rren t  and fu tu r e  e n t e r p r i s e s  employ­
in g  g iv e n  land r e so u r c e s  are e s s e n t i a l l y  th e  same w ith  th e  p lan  as they  
would be w ithout th e  p la n .  F u rth er ,  i t  i s  more p r o f i t a b l e  f o r  th e  g iven  
e n t e r p r i s e  to  c o n t in u e  t o  use the  g iv en  land r e so u r c e  even w ith o u t  the  
b e n e f i c i a l  e f f e c t  o f  th e  plan than to  l o c a t e  a t  th e  n ext  most e f f i c i e n t  
l o c a t i o n .  Net income change can th en  be measured a s  th e  d i f f e r e n c e  in  n et  
income a c c r u in g  t o  the  e n t e r p r i s e  on the s p e c i f i e d  land r e so u r c e  w ith ou t  
th e  p la n  compared w ith  what th a t  e n t e r p r i s e  would r e c e iv e  as n e t  income  
w ith  the  p lan  on th e  same land r e s o u r c e .
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(b) Changes in  land u s e . Two s i t u a t i o n s  are covered  by changes in  
land u s e .  These are:
( i )  The s i t u a t i o n  in  which the land owner b e n e f i t i n g  from the  
change in  land use would on ly  u t i l i z e  the land r e s o u r c e  a f f e c t e d  by such  
a c t i v i t y  once the  plan has become o p e r a t iv e .  In o th e r  words, i t  would 
not be as p r o f i t a b l e  fo r  th e  b e n e f i t i n g  landowner t o  u t i l i z e  th e  a f f e c t e d  
land r e so u rce  u n le s s  improved through one o f  the a c t i v i t i e s  in  t h i s  
c a te g o r y  a s  compared w ith  the n ex t  most e f f i c i e n t  l o c a t i o n .  Without such
a p lan  the  improved e n t e r p r i s e  would occur a t  an a l t e r n a t i v e  l o c a t i o n .  Net 
income change to  the  landowner w i l l  be measured as th e  d i f f e r e n c e  in  
net income from th e  e n t e r p r i s e  a t  an a l t e r n a t i v e  l o c a t i o n  th a t  would be 
u t i l i z e d  w ith o u t  the p lan  compared w ith  th e  n e t  income r e c e iv e d  from the  
e n t e r p r i s e  a t  a new lo c a t io n  which i s  improved or enhanced as a r e s u l t  of  
the  p la n .
( i i )  The s i t u a t i o n  in  which e n t e r p r i s e s  th a t  would o th e r w is e  
employ a g iv e n  land r e so u rce  would be p rec lu d ed  from u s in g  th e  g iv e n  land 
r e s o u r c e s  w ith  im plem entation  o f  th e  p la n .  Other e n t e r p r i s e s  l e s s  prone  
to  in c u r  f lo o d  damages or o th er  adverse  con seq u en ces  would be a l lo w e d  t o  
use th e  g iv e n  land r e s o u r c e s .
B e n e f i c i a l  e f f e c t s  to  the e n t e r p r i s e s  from a c t i v i t i e s  in  
t h i s  c a te g o r y  would be e v a lu a te d  by measuring the n e t  income change for  
the  e n t e r p r i s e  p rec luded  from u s in g  the g iv e n  land r e s o u r c e s  w ith  th e  
plan  as compared w ith  th e  w ith ou t  s i t u a t i o n ,  p lu s  th e  net income change  
fo r  the  e n t e r p r i s e  th a t  would be a llow ed t o  use  th e  g iv e n  land reso u rce  
w ith  the p la n  as  compared w ith  th e  w ith ou t  s i t u a t i o n .
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(c )  E st im ates  o f  damage p r e v e n t io n  and o th e r  m easures . In th e  above 
c a s e s ,  where i t  i s  not  p o s s i b l e  t o  d i r e c t l y  employ net income changes to  
d e r iv e  b e n e f i t s ,  t h e  e s t im a t e  o f  a c t u a l  or p r o s p e c t iv e  damages t o  the  
p h y s ic a l  p r o p e r t ie s  o f  th e  e n t e r p r i s e s  in v o lv e d  can be employed as  an 
approxim ation o f  n e t  income change.
In the case  of p r o d u c t i v i t y  change, where development w i l l  be th e  same 
w ith  and w ith ou t th e  p la n ,  b e n e f i t s  a t t r i b u t a b l e  w i l l  eq u a l t o t a l  damages 
reduced . For the i n t e n s i v e  land use  c a s e s ,  where development or use o f  
land w i l l  be d i f f e r e n t  w ith  and w ith o u t  th e  p la n ,  b e n e f i t s  can be approxi­
mated as equal to th e  damages th e s e  e n t e r p r i s e s  could s u s t a in  in  th e  absence  
o f  p r o t e c t io n  i f  I c o a te d  on th e  a f f e c t e d  land .
As a check on b e n e f i t s  d e r iv e d  in  th e  form o f  net income change or damages 
p r e v e n te d ,  o b s e r v a t io n s  o f  changes in  land v a lu e s  for a l l  lands may be employed.
c .  Power. With r e s p e c t  to  th e  com putation o f  b e n e f i c i a l  and adverse  
e f f e c t s  o f  in c r e a s e s  in  ou tp u t  o f  e l e c t r i c  power i t  i s  emphasized that  
where a p p ro p r ia te ,  th e s e  sh ou ld  be v iew ed and e v a lu a te d  as increm ents to  
planned or e x i s t i n g  sy s te m s .  Power s u p p l ie d  fo r  g e n e r a l  community and 
r e s i d e n t i a l  u se  can be c o n s id e r e d  a s  a f i n a l  consumer good. I t s  value  
a s  a f i n a l  good i s  genera 1ly  r e f l e c t e d  by th e  s a t i s f a c t i o n  o f  in d iv id u a l  
r e s i d e n t s  or in terms of improved community s e r v i c e s  and f a c i l i t i e s .  E l e c t r i c  
power provided to  i n d u s t r i a l ,  com m ercia l,  and a g r i c u l t u r a l  uses  i s  viewed  
a s  an energy input to  the  p r o d u c t io n  o f  goods and s e r v i c e s  from th e s e  a c t i v i t i e s  
r e s u l t i n g  in  an i n c r e a s e  in  th e  o u tp u t ,  r e d u c t io n  in th e  c o s t  o f  production  
or a combination t h e r e o f .  The t o t a l  v a lu e  o f  e l e c t r i c  power to  th e  producers  
u s in g  such power i s  r e f l e c t e d  i n  th e ir  w i l l i n g n e s s  to p a y .  Where th e  
i d e n t i f i c a t i o n  and measurement o f  w i l l i n g n e s s  t o  pay and s a t i s f a c t i o n s  a c c r u in g
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to a c t i v i t i e s  u s in g  e l e c t r i c  power fo r  i n d u s t r i a l ,  m u n ic ip a l ,  and r e s i d e n t i a l  
purposes are  not p o s s i b l e ,  t o t a l  v a lu e  to  the u se r s  w i l l  be approximated  
by taking  account o f  th e  c o s t  of  power from the most l i k e l y  a l t e r n a t i v e  
source and u s in g  t h i s  as th e  measure o f  th e  v a lu e  o f  th e  power c r e d i t a b le  
to the p la n .  The a l t e r n a t i v e  s e l e c t e d  must be a v i a b l e  one in terms of  
e n g in e e r in g ,  and th e  f in a n c in g  shou ld  be th a t  most l i k e l y  to  th e  c o n s tr u c ­
t in g  e n t i t y .  The c o s t s  sh ou ld  in c lu d e  any req u ired  p r o v i s io n s  for  p r o t e c t io n  
of the environm ent. However, s in c e  th e  a d d i t io n  o f  a h y d r o e le c t r i c  p r o j e c t  
to  an e l e c t r i c  system  in  l i e u  of an a l t e r n a t i v e  power source  u s u a l ly  w i l l  
e i t h e r  in c r e a s e  or d e c r e a se  th e  u n i t  c o s t  o f  producing  power by e x i s t i n g  
g en era t in g  f a c i l i t i e s  o f  th e  sy s tem , t h i s  c o s t  d i f f e r e n t i a l  must be taken  
in to  account in  d e term in in g  th e  power v a lu e  o f  th e  h y d r o e l e c t r i c  p r o j e c t .
Normally, e l e c t r i c  power i s  e v a lu a te d  in  terms o f  two components— capa­
c i t y  and en erg y .  The c a p a c i ty  v a lu e  i s  d er iv ed  from a d e term in ation  o f  the  
f ix ed  c o s t s  o f  th e  s e l e c t e d  a l t e r n a t i v e  so u rce  o f  s u p p ly .  The energy  
value i s  determ ined from th o s e  c o s t s  o f  th e  a l t e r n a t i v e  which r e l a t e  to  
and vary w ith  the energy output o f  th e  a l t e r n a t i v e  p la n .  These c a p a c ity  
and energy components o f  power v a lu e  are u s u a l ly  e x p r e sse d  in  terms 
of d o l la r s  per  k i lo w a t t  per  year  of dependable c a p a c i t y  and m i l l s  per  k i l o ­
watt-hour of average annual en ergy .
d. Transportât ion ( n a v i g a t i o n ) . P lans fo r  th e  p r o v i s io n  o f  t r a n s p o r ta t io n  
through in la n d  waterways and harbors are e s t a b l i s h e d  t o  complement or extend  
the o v e r a l l  n a t io n a l  t r a n s p o r t a t io n  system  w ith in  and among re g io n s  to  
ach ieve  an improved movement o f  goods from th e  producer  to  the  consumer.
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(1 )  Movement o f  in te r m e d ia te  or f i n a l  g o o d s . T ra n sp o rta t io n  as a p p l ie d  
to  i n d u s t r i a l ,  com m ercial, and a g r i c u l t u r a l  a c t i v i t i e s  i s  viewed as  an 
e s s e n t i a l  s e r v i c e  input r e s u l t i n g  in  s a v in g s  and c r e a t io n  o f  u t i l i t i e s  in  
the  d i s t r i b u t i o n  of in te r m e d ia te  and f i n a l  goods and s e r v i c e s .
The b e n e f i c i a l  e f f e c t s  from th e  movement o f  t r a f f i c  are r e la t e d  t o  the  
improvements in  the  t r a n s p o r t a t io n  s e r v i c e s  prov id ed  e n a b l in g  th e  w id e ­
spread  d i s t r i b u t i o n  o f  goods and s e r v i c e s ,  and are measured a s:
(a )  The s a v in g s  in  the  movement o f  com m odities on th e  waterway when 
compared w ith  movement v i a  e x i s t i n g  a l t e r n a t i v e  modes; and
(b) The ex p r e sse d  w i l l i n g n e s s  t o  pay by th e  s h ip p e r s  (p roducers)  
o f  commodity or t r a f f i c  f lo w  newly induced by a n a v ig a t io n  improvement 
as  r e f l e c t e d  in  th e  change i n  t h e i r  n e t  income.
(2 )  Where t r a f f i c  w i l l  move in  th e  ab sen ce  of  th e  waterway improvement. 
In t h i s  s i t u a t i o n ,  n a v ig a t io n  s t u d i e s  would in c lu d e  an e s t im a te  o f  th e  
s a v in g s  t o  s h ip p e r s  v i a  the  co n s id e r e d  n a v ig a t io n  improveme.it, measured as  
th e  product o f  the e s tm ia te d  t r a f f i c  and th e  e s t im a te d  u n i t  s a v in g s  t o  
sh ip p e r s  from th e  movement o f  t h a t  t r a f f i c  v i a  the proposed n a v ig a t io n  
improvement. The u n i t  s a v in g s  would be measured as th e  d i f f e r e n c e  between  
the charges  s h ip p e r s  a c t u a l l y  in c u r  f o r  t r a n s p o r t a t io n  at the tim e o f  the  
stu d y  and th e  charges they would l i k e l y  in c u r  fo r  t r a n s p o r a t io n  v i a  th e  
improvement.
The t r a f f i c  th a t  i s  e s t im a te d  t o  move v i a  the proposed waterway w i l l  
be based on a thorough a n a l y s i s  o f  th e  e x i s t i n g  t r a f f i c  movements i n  the  
t r ib u t a r y  a r e a .  The p o t e n t i a l  t r a f f i c  w i l l  be c a r e f u l l y  screen ed  t o  
e l im in a t e  th o s e  movements t h a t  are n o t ,  f o r  a v a r i e t y  o f  r e a s o n s .
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s u s c e p t i b l e  to  movement on the  waterway. The t r a f f i c  a v a i l a b l e  f o r  water  
movement a f t e r  th e  s c r e e n in g  p r o c e s s  i s  com pleted w i l l  be s u b j e c t  t o  an 
a n a l y s i s  o f  s a v in g s  a s  d is c u s s e d  im m ed ia te ly  b e lo w ,  and, based on th e  
magnitude o f  the  in d ic a t e d  s a v in g s ,  a d e c i s i o n  w i l l  be made as to  whether  
or not th e  movement would be d i r e c t e d  to  th e  waterway. Only t r a f f i c  fo r  
which th e  d i f f e r e n c e s  in  sa v in g s  i s  judged s u f f i c i e n t l y  la r g e  t o  d iv e r t  
the t r a f f i c  to  th e  waterway w i l l  be in c lu d e d  i n  th e  e s t im a te d  waterway  
t r a f f i c .  M oreover, a s  a p r a c t i c a l  m a t te r ,  i t  w i l l  be deemed r e a l i s t i c  to  
assume a sh a r in g  o f  th e  t o t a l  t r a f f i c  mvoement among a l t e r n a t i v e  modes 
r a th e r  chan to  assume com plete  d iv e r s io n  t o  th e  low er c o s t  mode.
The e s t im a te  o f  s a v in g s  w i l l  o r d i n a r i l y  be d eve lop ed  by comparing the  
f u l l  ch arges  fo r  movement from o r i g i n  to  d e s t i n a t i o n  v i a  th e  p r e v a i l i n g  
mode o f  t r a n s p o r t a t io n  w ith  th e  charges  v i a  th e  waterway b e in g  s tu d ie d  
where t h e s e  charges  encompass a l l  a p p l i c a b l e  h a n d l in g ,  s w i t c h in g  a s s e s s o r i a l  
c h a r g e s ,  and n et  d i f f e r e n c e s  in  in v e n t o r y ,  s t o r a g e ,  or o th e r  c h a rg es  due 
to  th e  change in  t r a n s p o r t a t io n  mode. The a l t e r n a t i v e  modes o f  t r a n s p o r t a ­
t io n  t o  be used in  e s t im a t in g  s a v in g s  t o  s h ip p e r s  are  th o se  a c t u a l l y  in  use  
at th e  tim e of th e  study fo r  moving th e  t r a f f i c  in  q u e s t io n ,  o r ,  where th e r e  
are no e x i s t i n g  movements, th o se  modes t h a t  would most l i k e l y  be used  fo r  
such movements. In the  l a t t e r  c a s e ,  th e  a l t e r n a t i v e  mode w i l l  be chosen on 
the b a s i s  th a t  th e  s h ip p e r  would ta k e  advantage o f  th e  mode a f f o r d in g  
him th e  low est t o t a l  ch arges .  The c o m p e t i t i v e ,  or complementary, e f f e c t s  
of e x i s t i n g  and a u th o r iz e d  waterways not y e t  c o n s t r u c t e d ,  in c lu d in g  j o i n t  
land-waterway r o u t e s ,  shou ld  a l s o  be  taken  i n t o  a c c o u n t .
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(3) Where a d d i t io n a l  f lo w  o f  t r a f f i c  i s  induced by the  p l a n . By making 
new sou rces  o f  su p p ly ,  or by in c r e a s in g  the  net demand fo r  a commodity,
the  n a v ig a t io n  improvement may induce more t r a f f i c  movement than would be 
the  case  in  th e  absence o f  such improvement. B e n e f i c i a l  e f f e c t s  c r e d i t a b le  
to  the  plan f o r  such new t r a f f i c  are  the  d i f f e r e n c e s  between th e  c o s t  o f  
t r a n s p o r ta t io n  by the waterway and th e  v a lu e  to  s h ip p e r s ,  t h a t  i s ,  th e  
maximum c o s t  they  would be w i l l i n g  t o  pay fo r  moving the v a r io u s  u n i t s  
o f  t r a f f i c  in v o lv e d .
Where data are a v a i l a b l e  fo r  e s t im a t in g  the v a lu e  a t  which v a r io u s  
increm ents o f  the new t r a f f i c  could  be moved e c o n o m ic a l ly ,  the  d i f f e r e n c e  
between such v a lu e s  and the charges for  t r a n s p o r t a t io n  by th e  waterway pro­
v id e s  a measure o f  th e  e s t im a te d  b e n e f i c i a l  e f f e c t s  a t t r i b u t a b l e  to  the  plan
In the  absence of such d a ta ,  th e  probable  average charge th a t  cou ld  be 
borne by the induced t r a f f i c  may be assumed to  be h a l f  way between th e  
h ig h e s t  and th e  lo w est  charges  a t  which any part o f  i t  would move. On 
t h i s  b a s i s ,  th e  d i f f e r e n c e  between t h i s  average and the c o s t  by the waterway 
a p p l ie d  to  the  volume o f  new t r a f f i c  i s  th e  b e n e f i c i a l  e f f e c t  of  the  p la n .
(4) B asis  for  e v o l u t i o n . Congress has provided the  standard  fo r  computing
th e  b e n e f i c i a l  e f f e c t s  o f  n a v ig a t io n  in s e c t i o n  7 (a )  o f  th e  Department of
T r a n sp o r ta t io n  Act o f  1966, as fo l lo w s :
. . . .  the primary d i r e c t  n a v ig a t io n  b e n e f i t s  o f  a 
water resource  p r o j e c t  are d e f in e d  as th e  product  
o f  th e  s a v in g s  t o  s h ip p e r s  u s in g  th e  waterway and th e  
es t im a te d  t r a f f i c  th a t  would use th e  waterway; where 
the s a v in g s  t o  sh ip p e r s  s h a l l  be con stru ed  to  mean 
the d i f f e r e n c e  between (a) the  f r e i g h t  r a te  or charges  
p r e v a i l in g  a t  th e  tim e of th e  s tu d y  fo r  the  movement 
by th e  a l t e r n a t i v e  means and (b) th o se  which would be  
charged on th e  proposed  waterway; and where the  
e s t im a te  o f  t r a f f i c  th a t  would use the waterway w i l l  be 
based on such f r e i g h t  r a t e s ,  ta k in g  i n t o  account pro ­
j e c t i o n s  of  th e  economic growth o f  th e  a r e a .
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C o n s is te n t  w ith  the approach above o u t l i n e d ,  th e se  c r i t e r i a  are  
th e  b a s i s  on which b e n e f i c i a l  e f f e c t s  fo r  waterway p la n s  w i l l  be 
e v a lu a t e d .
(e )  R e c r e a t io n . As n a t io n a l  l i v i n g  sta n d a rd s  co n t in u e  to  r i s e ,  the  
average  p erso n ,  w ith  b a s ic  needs  provided f o r ,  u ses  an in c r e a s in g  p ercen­
tage  o f  r i s i n g  r e a l  income t o  s a t i s f y  a demand fo r  l e i s u r e  tim e and outdoor  
r e c r e a t i o n a l  a c t i v i t i e s  such as swimming, p i c n i c k i n g ,  b o a t in g ,  h u n tin g ,  
and f i s h i n g .  With g en era l  ownership of au tom ob iles  and improvement in  
highw ays, t r a v e l  t o  d i s t a n t  p u b l ic  r e c r e a t i o n a l  areas has become common­
p l a c e .  C on seq u en tly ,  a la r g e  and in c r e a s in g  p o r t io n  o f  r e c r e a t io n a l  demand, 
e s p e c i a l l y  th a t  p o r t io n  which i s  w a t e r - o r i e n t e d ,  i s  accommodate by d ev e lo p ­
ment o f  F ederal lands and m u lt i -p u r p o se  r e s e r v o i r s  which in c lu d e  s p e c i f i c  
p r o v is io n  fo r  enhancing r e c r e a t io n  a c t i v i t i e s .  This i s  c o n s i s t e n t  with  
th e  requ irem ents  o f  the  Federa l  Water P r o j e c t s  R ecrea tion  Act o f  1965 
(P u b l ic  Law 8 9 - 7 2 ) ,  p r o v id in g  f o r  r e c r e a t io n  and f i s h  and w i l d l i f e  as  
f u l l  and equal p a r tn e r s  w ith  a l l  o th e r  purposes  in  F ed era l  w ater  p r o j e c t s .
For th e  most p a r t ,  outdoor r e c r e a t io n  i s  produced p u b l i c ly  and d i s t r i ­
buted in  the  ab sen ce  o f  a v i a b l e  market mechanism. While the p r iv a t e  
p r o v is io n  o f  r e c r e a t io n  o p p o r t u n i t i e s  has been in c r e a s in g  in r e c e n t  y e a r s ,  
a n a l y s i s  o f  r e c r e a t io n  needs i s  conducted in  th e  absence of any sub­
s t a n t i a l  amount o f  feedback from e f f e c t i v e l y  f u n c t io n in g  markets to  
gu id e  th e  e v a l u t i o n  of p u b l i c ly  produced r e c r e a t io n  goods and s e r v i c e s .
Under th e s e  c o n d i t i o n s — and based on a w ith  and w ith ou t a n a l y s i s —  the  
in c r e a s e  in r e c r e a t io n  provided  by a p la n ,  s i n c e  i t  r e p r e s e n t s  a d ir e c t  
consumption good , may be measured or  va lued  on the  b a s i s  o f  s im u la te d
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w i l l i n g n e s s  t o  pay. In computing the p ro jec ted  r e c r e a t io n  demand, however,  
t h e  a n a l y s i s  should  take e x p l i c i t  account o f  co m p etit io n  from r e c r e a t io n  
o p p o r t u n i t i e s  w i th in  the  area  o f  in f lu en ce  o f  th e  proposed p la n .
There are in  e x i s t a n c e  a number o f  methods, or approaches , t o  ap prox i­
m ating demand and what p e o p le  are  w i l l i n g  t o  pay fo r  outdoor r e c r e a t io n .
A g e n e r a l iz e d  motluxiology encom passing the t r a v e  1 -d is ta n c e  approach i s  s e t  
fo r t h  below.
(1) An a n a l y t i c a l  approach r e l a t i n g  tr a v e l  c o s t  to  d i s t a n c e . Using  
m arginal t r a v e l  c o s t s  ( i . e . ,  v a r ia b le  costs  of autom obile  o p e r a t io n  
d i r e c t l y  r e la t e d  to  the  number o f  m i le s  driven) taken as a measure of  
what p eo p le  are w i l l i n g  t o  pay fo r  w a ter -o r ien ted  r e c r e a t io n  and how 
p r i c e  e f f e c t s  u s e ,  the r e l a t i o n s h i p  between p r ic e  and per c a p i t a  a t t e n -  
dence can be e s t a b l i s h e d  fo r  r e c r e a t io n  s t i t e s  and market a r e a s .  This  
r e l a t i o n s h i p ,  the  c o n v e n t io n a l  demand curve having a n e g a t iv e  s lo p e ,  
sums up th e  resp on se  o f  u s e r s '  demand to  a l t e r n a t i v e  p r i c e s  o f  the r e c r e a ­
t i o n a l  product (or e x p e r i e n c e ) .  Separate demand curves are  co n stru c ted  
t o  r e f l e c t  each kind o f  r e c r e a t i o n  u s e ,  whether day-use t r a v e l ,  camping- 
u s e  t r a v e l ,  o r  o th e r .  I f  th e r e  i s  no entrance charge a t  th e  p r o j e c t ,  per  
c a p i t a  r a t e s  fo r  each d i s t a n c e  or t r a v e l  c o s t  would be c o n s i s t e n t  w ith  th e  
c o n s tr u c te d  demand c u r v e s .
I f  a f e e  i s  charged , how ever, the  cost t o  th e  r e c r e a t i o n i s t  would 
then  be equal to  the  f e e  p lu s  h i s  t r a v e l  c o s t ,  thus d im in is h in g  the per  
c a p i t a  use r a t e .  A pply ing  a range o f  reasonable en tran ce  f e e  charges  
t o  the c o n s tr u c te d  demand s c h e d u le s ,  a d d i t io n a l  s e p a r a te  d a y -u se  and 
camping demand c u r v e s ,  f o r  s i t e s  are  consturcted  to  determ ine r e s p e c t iv e  
a tte n d a n c e  which may be e x p e c te d  under such c o n d i t io n s .  F o l lo w in g  t h i s .
140
i n i t i a l  p r o j e c t  year  d a y -u se  and camping-use v a lu e s  are computed by 
measuring th e  area under t h e i r  r e s p e c t iv e  demand c u r v e s .  These v a lu e s  
can be compared w ith  market p r o j e c t io n s  and e x i s t i n g  c a p a c i t i e s  to  
determ ine i f  a c tu a l  s i t e  demand w i l l  m a t e r i a l i z e .  The i n i t i a l  year  
v a lu e s  are then p r o je c te d  throughout the l i f e  o f  th e  p r o j e c t  c o n s i s t e n t  
with the c a lc u la t e d  r e c r e a t i o n a l  use p r e d i c t i o n s .  The r e s u l t a n t  f i g u r e s ,  
t o t a l  v a lu e s  fo r  day use  and camping use over  th e  l i f e  o f  the p r o j e c t  
are s e p a r a t e ly  d isc o u n te d  a t  th e  p r e v a i l in g  d isc o u n t  r a te  e s t a b l i s h e d  by 
th e s e  s tan d ard s  to  u l i ia in  average  annual e q u iv a le n t  v a l u e s .
(2) Other a p p ro a ch es . A v a r i e t y  of o th er  approaches may be taken  
toward the e v a lu a t io n  o f  r e c r e a t io n  goods and s e r v i c e s .  In g e n e r a l ,  
however, no one method i s  co m p le te ly  s a t i s f a c t o r y  t o  th e  e x c lu s io n  o f  a l l  
o th e r s .  The a p p l i c a b le  r u le  t o  f o l l o w ,  ta k in g  co g n iza n ce  of  th e  unique  
c ircu m sta n ces  o f  a p a r t i c u l a r  s e t t i n g ,  in c lu d in g  th e  a v a i l a b i l i t y  o f  
a c tu a l  market data and e x p e r ie n c e ,  i s  to  use th a t  procedure which  
appears to  prov id e  th e  b e s t  measure or e x p r e s s io n  o f  w i l l i n g n e s s  to
pay by the  a c t u a l  consumer o f  th e  r e c r e a t io n  good or  s e r v i c e  p rov ided  by 
the p lan .
In the in te r im ,  w h i l e  r e c r e a t io n  e v a lu a t io n  m ethodology i s  b e in g  
fu r th er  d e v e lo p e d ,  th e  fo l lo w in g  sch ed u le  o f  monetary u n i t  v a lu e s  may 
be used in the  pr i'paration  o f  p la n s .
(3) Simu l . i t e d p r i c e s  per r e c r c . i t io n  day . A s i n g l e  u n i t  v a lu e  w i l l  
he a s s ig n e d  per r e c r e a t io n  day r e g a r d le s s  o f  w hether th e  u ser  en gages  in  
one a c t i v i t y  or s e v e r a l .  The u n i t  v a lu e ,  how ever , may r e f l e c t  both th e  
q u a l i t y  o f  a c t i v i t y  and th e  d egree  t o  which o p p o r t u n i t i e s  to  engage in  a  
number o f  a c t i v i t i e s  a r e  produced.
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Type o f  Outdoor Range o f  Unit
R ecrea t io n  Day Day Values
G e n e r a l .................................................................................... $0 .75  -  $2 .25
(A r e c r e a t io n  day in v o lv in g  p r im a r i ly  th o se  a c t i v i t i e s  
a t t r a c t i v e  t o  th e  m a jo r ity  o f  outdoor r e c r e a t i o n i s t s  
and which g e n e r a l l y  re q u ir e  the development and main­
tenance  o f  c o n v e n ie n t  a c c e s s  and adequate f a c i l i t i e s . )
S p e c ia l i z e d    $3 .00  -  $9 .00
(A r e c r e a t io n  day in v o lv in g  p r im a r ily  th o se  a c t i v i t i e s  
fo r  which o p p o r t u n i t i e s ,  in  g e n e r a l ,  are  l i m i t e d ,  i n t e n ­
s i t y  of  use i s  low , and o f t e n  may in v o lv e  a la r g e  p e r ­
s o n a l  expense  by th e  u s e r . )
Two c l a s s e s  o f  outdoor r e c r e a t io n  d a y s ,  g e n e r a l  and s p e c i a l i z e d , are  
d i f f e r e n t i a t e d  fo r  e v a lu a t io n  p u rp oses .  E s t im a tes  o f  t o t a l  r e c r e a t io n  
days of  use fo r  both c a t e g o r i e s , when a p p l i c a b l e ,  w i l l  be d eve lop ed .
The g e n e r a l  c l a s s ,  c o n s t i t u t i n g  th e  g rea t  m a jo r i ty  o f  a l l  r e c r e a t io n
a c t i v i t i e s  a s s o c i a t e d  w ith  water p r o j e c t s ,  embraces t h e  more usua l
a c t i v i t i e s ,  such a s  swimming, p i c n ic k in g ,  b o a t in g ,  and most warm water  
f i s h i n g .
In view o f  th e  fewer a l t e r n a t i v e s  a v a i l a b l e  and th e  l i k e l ih o o d  th at  
h ig h e r  t o t a l  c o s t s  are g e n e r a l ly  in cu rred  by th o s e  engaged in  h u nting  and 
f i s h i n g  a c t i v i t i e s  compared with th o s e  engaged in  o t h e r  ty p e s  o f  outdoor  
r e c r e a t i o n ,  i t  may be a n t i c ip a t e d  th a t  the monetary u n i t  v a lu e s  a p p l ic a b le  
to  f i s h  and w i l d l i f e  r e c r e a t io n  w i l l  o r d i n a r i l y  be l a r g e r  than th ose  a p p lied  
t o  o th e r  ty p es  o f  r e c r e a t io n .
The s p e c i a l  c l a s s  in c lu d e s  a c t i v i t i e s  l e s s  o f t e n  a s s o c i a t e d  with  
w ater  p r o j e c t s ,  such a s  b ig  game h u n tin g  and salmon f i s h i n g .
A s e p a r a te  range o f  v a lu e s  i s  prov ided  f o r  each c l a s s  in  order th a t  
informed judgement may be employed in  d e term in in g  th e  a p p l ic a b le  u n i t
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v a l u e s  f o r  each i n d iv id u a l  p r o j e c t  under c o n s id e r a t io n .  Where c o n s id ered  
a p p r o p r ia te ,  departure from the range o f  v a lu e s  provided  i s  p e r m is s ib le  
i f  a f u l l  e x p la n a t io n  i s  g iv e n .
( f )  Commercial f i s h i n g  and t r a p p in g . Water and land reso u rce  p la n s  
may in c lu d e  s p e c i f i c  measures d e s ig n e d  f o r  the purpose o f  enhancing the  
f i s h  and w i l d l i f e  r e so u r c e s  and a s s o c i a t e d  o p p o r t u n i t i e s  fo r  th e  d i r e c t  
h a r v e s t in g  o f  f i s h  and game as  a commercial p ro d u ct .  B e n e f i c i a l  e f f e c t s  
t o  commercial f i s h i n g ,  h u n t in g ,  and trap p in g  c o n s i s t  o f  the v a lu e  o f  an 
in c r e a s e  in the volume or q u a l i t y  o f  th e  p roducts  exp ected  to  be marketed.  
T his  in c r e a s e  i s  determ ined by comparing v a lu e s  o f  fu tu r e  p ro d u ct io n  w ith  
and w ith o u t  the p la n .
The b e n e f i c i a l  e f f e c t s  from th e  in c r e a s e  in  output o f  f i s h  and w i l d l i f e  
p roducts  r e s u l t in g  from a p lan  i s  measured as the  t o t a l  v a lu e  to  th e  
f i n a l  u sers  o f  the output r e f l e c t e d  by th e  a p p l ic a b le  market p r i c e ,  minus 
th e  e x p en d itu res  in cu rred  t o  o b ta in  th e  f i s h  or game.
(g )  Other program o u t p u t s . In a d d i t io n  to  th e  more common o u tp u ts  
w hich  have been d e a l t  w ith  in  the p reced in g  s e c t i o n s ,  p la n s  may produce  
o t h e r  goods and s e r v i c e s  which c o n t r ib u t e  to  n a t io n a l  economic developm ent.  
P roper a p p l ic a t io n  o f  th e  measurement stan d ard s  to  th e s e  a d d i t i o n a l  outputs  
sh o u ld  be guided by analogy  t o  the  ou tp u ts  which have been d i s c u s s e d .  Care 
must be e x o r c is e d  in  d e f in in g  t y p e s  o f  o u tp u ts  t o  a s su r e  that o v er la p p in g  
c a t e g o r i e s  are  not used which le a d  to  d u p l ic a t io n  in  th e  e s t im a t e s  of  
b e n e f i c i a l  e f f e c t s .
(3 )  Measurement o f  i n c r e a s e s  i n  output r e s u l t i n g  from e x t e r n a l  econ om ies . 
T e c h n o lo g ic a l  e x t e r n a l  econom ies are  th e  b e n e f i c i a l  e f f e c t s  on i n d i v i d u a l s .
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groups, or in d u s t r i e s  th a t  may or may not b e n e f i t  from the d i r e c t  output 
o f  th e  p r o j e c t .  They r e s u l t  from a p lan  i f  an in c r e a s e  in the  output of  
f i n a l  consumer goods or in te r m e d ia te  goods ta k es  p la c e  beyond t h a t  which 
would be ob ta in ed  in  th e  absence o f  th e  p lan and over  and above d i r e c t  o u t ­
puts  of  the  p la n .  This  in c r e a se d  ou tp u t may r e s u l t  from firm s which are  
eco n o m ica l ly  r e l a t e d  t o  th e  p lan ta k in g  advantage of more e f f i c i e n t  
prod u ction  te c h n iq u e s  and thereby r e l e a s i n g  re so u r c e s  for  use in  pro­
ducing o th er  goods and s e r v i c e s .  The change i n  n e t  income of th e  
e c o n o m ic a l ly  r e la t e d  f irm s w i l l  be used as  an in d i c a t o r  o f  th e  v a lu e  
o f  t h i s  type o f  n a t io n a l  economic development e f f e c t .  Changes i n  the  
t o t a l  v a lu e  o f  consumer goods due t o  e x t e r n a l i t i e s  because  o f  a p lan  
can be accounted  fo r  by u s in g  measurement te c h n iq u e s  l i k e  th o se  d e sc r ib e d  
a b o v e .
I f  s o c i e t y  would o b ta in  the p r o j e c t  output of f i n a l  consumer goods or  
the  output o f  f irm s th a t  u t i l i z e  th e  in te r m e d ia te  goods o f  the  p r o j e c t  
from some o th e r  so u rce  in the  ab sen ce  o f  the p r o j e c t ,  then th e  n e t  income 
p o s i t i o n  o f  t h e  r e l a t e d  f irm s would be u n a f fe c te d  by the  p la n .
Some examples o f  p o t e n t i a l  s i t u a t i o n s  for  the  occurrence  o f  th e  e x te r n a l  
economies a s s o c i a t e d  w ith  f i n a l  consumer goods and in te r m e d ia te  produced  
goods a re  p r e se n te d  below .
(a) F in a l  consumer g o o d s . P r o v i s io n  o f  a d d i t i o n a l  r e c r e a t io n  oppor­
t u n i t i e s  and f i s h  and w i l d l i f e  enhancement f o r  th e  d i r e c t  enjoyment of  
i n d iv id u a l s  may e n a b le  merchants o f  s p o r t in g  goods and o ther  su p p lie r s  
o f  r e c r e a t io n  equipment and s e r v i c e s  to  in c r e a s e  t h e i r  s a l e s  and net  
income. However, t o  the  e x te n t  t h a t  the  in c r e a s e d  e x p e n d itu r e s  for  
outdoor s p o r t in g  equipment and o th e r  outdoor r e c r e a t io n  s e r v i c e s
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s u b s t i t u t e  f o r  some other consumer e x p e n d i t u r e s ,  th ere  i s  no r e a l  ga in  
in th e  N a t io n ' s  output.
The p r o v i s io n  o f  e i th e r  w ater  supp ly  or e l e c t r i c  power fo r  community
and r e s i d e n t i a l  use  w i l l  not g e n e r a l l y  s t im u la t e  e x t e r n a l  economies to
enhance n a t io n a l  economic d eve lopm ent. I t  i s  u s u a l ly  assumed th a t  the  
n e c e s sa r y  q u a n t i t i e s  of th e se  o u tp u ts  w i l l  be provided  by some a l t e r n a t i v e s  
means in  th e  ab sence  of the p la n .  As a co n seq u en ce ,  f irm s th a t  are economi­
c a l l y  r e la t e d  t o  consumers through th e  consumption o f  th e s e  p r o j e c t s  w i l l  
e x p e r ie n c e  th e  same economic c o n d i t io n s  and have the  same n e t  income
w ithout the  p lan  a s  compared w ith  th e  p la n .
(b) In te r m e d ia te  producer g o o d s . The u t i l i z a t i o n  o f  in te r m e d ia te  goods  
and s e r v i c e s  from the plan by d i r e c t  u s e r s  may en a b le  them t o  expand t h e i r  
o u tp u t .  In crea sed  l e v e l s  o f  o u tp u t  by d i r e c t  u se r s  o f  th e  output o f  a p lan  
may, in  tu r n ,  enab le  economically  r e l a t e d  f irm s  to  improve th e  e f f i c i e n c y  
o f  t h e i r  o p e r a t io n  and/or expand t h e i r  output and, a s  a r e s u l t ,  in c r e a s e  
t h e i r  net income. Measurement of  th e  change in  th e  net income p o s i t i o n  
o f  r e la t e d  f irm s should be made, i f  i t  can d e f i n i t e l y  be e s t a b l i s h e d  th a t  
a change in  output by th e  d i r e c t  u s e r s  w i l l  g e n e r a te  a corresp on d in g  income 
change fo r  th e  r e la te d  f ir m s .
An e v a lu a t io n  should be made o f  th e  output l e v e l s  th a t  w i l l  be ach iev ed  
by th e  d i r e c t  u s e r s  with th e  p la n  and w ith o u t  th e  p la n .  I f  the  d i r e c t  
u s e r s  would o b ta in  the same good or  s e r v i c e  from some o th er  sou rce  in  the  
absence  o f  th e  p la n ,  no e x t e r n a l  econom ies occu r  and the  n et  income p o s i t i o n  
o f  th e  r e la t e d  f irm s would be u n a f f e c t e d  by th e  p la n .  Some examples o f  
ty p e s  o f  p lan  o u tp u ts  t o  which t h i s  s ta n d a rd s  may be a p p l ie d  are  p r e se n te d  
b elow .
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In s i t u a t i o n s  where w ater su p p ly  i s  an in term ed ia te  good, i t s  u t i l i z a ­
t i o n  by d i r e c t  u s e r s  may s t im u la t e  more in p u ts  to  be acquired  from su p p ly in g  
f ir m s ,  and i f  th e r e  i s  an in c r e a se d  ou tp u t from th e  e n t e r p r i s e  o f  the  
d i r e c t  user  a d d i t io n a l  output w i l l  be p r o c e s se d  by r e la te d  p r o c e s s in g  
f ir m s .  Except fo r  i r r i g a t i o n  w ater  s u p p l i e s  and a few in d u s t r i e s  w ith  
h ig h  water re q u ir e m e n ts ,  water r e p r e s e n t s  a r e l a t i v e l y  sm a ll  c o n s id e r a t io n  
in  the  management d e c i s i o n  o f  f ir m s .  I f  f irm s or i n d u s t r i e s  w i th  r e l a t i v e l y  
sm all water requ irem ents  would o b ta in  t h e i r  n e c e s sa r y  w ater  from some 
o th e r  sou rce  in  th e  ab sence  o f  th e  p la n ,  no e x t e r n a l  econom ies sh ou ld  
be included  in  th e  c a l c u l a t i o n  o f  water supp ly  b e n e f i t s .
The p r o v is io n  o f  f lo o d  c o n t r o l ,  land s t a b i l i z a t i o n ,  d r a in a g e ,  and 
r e la te d  programs may a f f e c t  th e  p r o d u c t iv i t y  of  and r e so u r c e s  r e s u l t i n g  
in in crea sed  l e v e l s  o f  output by f irm s d i r e c t l y  a f f e c t e d  by th e  p la n .
Net income changes may a l s o  occur  in  e c o n o m ic a l ly  r e la t e d  f ir m s .  Measure­
ment o f  the  n e t  income change o f  the r e la t e d  f irm s should be made i f  i t  
can be d e f i n i t e l y  e s t a b l i s h e d  t h a t  a change in  output by th e  d i r e c t  u se r s  
w i l l  g en era te  a corresp on d in g  income change fo r  th e  r e la t e d  f i r m s .  However, 
i f  the  p lan m erely  e n a b le s  economic a c t i v i t i e s  t o  s h i f t  t o  new l o c a t i o n s  
r e s u l t i n g  in  more e f f i c i e n t  p ro d u ct io n  but no change in  t o t a l  o u t p u t ,  
then no e x t e r n a l  econom ies occur  and no attempt should  be made t o  measure 
net income changes of  r e la te d  input su p p ly  or output p r o c e s s in g  f ir m s .
E K 'ctr ic  power provided fo r  i n d u s t r i a l ,  com m ercial,  and a g r i c u l t u r a l  
u ses w i l l  f r e q u e n t ly  r e s u l t  in  h ig h er  l e v e l s  o f  output from t h e s e  economic  
s e c t o r s .  However, i f  a l t e r n a t i v e  e l e c t r i c  power or a l t e r n a t i v e  energy  
sou rces  would be u t i l i z e d  in  th e  ab sence  o f  the  p la n ,  the l e v e l  o f  output  
would be u n a f fe c te d  and no e x t e r n a l  econom ies would a ccru e  a s  a b e n e f i t  to  
th e  p la n .
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To the e x t e n t  th a t  n a v ig a t io n a l  f a c i l i t i e s  prov id e  a l t e r n a t i v e  
t r a n s p o r a t io n  s e r v i c e s  th a t  would o th e r w ise  be prov ided  in  th e  absence  
o f  th e  p r o j e c t ,  no e x t e r n a l  econom ies o c c u r .  In s i t u a t i o n s  where the  
n a v i g a t i o n a l  f a c i l i t y  p r o v id e s  a unique s e r v i c e ,  such as p r o v id in g  
movement o f  bu lky  raw m a t e r ia l s  th a t  would n o t  o th e r w ise  be made 
a v a i l a b l e ,  e x t e r n a l  economies may occur t o  th e  f irm s eco n o m ica l ly  
r e l a t e d  t o  th e  s h ip p e r s .
4 .  S p e c ia l  b e n e f i c i a l  e f f e c t s  from use o f  unemployed or underemployed  
lab or  r e s o u r c e s . The e f f e c t s  o f  th e  use o f  unemployed or  underemployed 
r e s o u r c e s  c o n c e p t u a l ly  should  be t r e a t e d  a s  an adjustm ent to  th e  adverse  
e f f e c t s  o f  a p la n  on n a t io n a l  economic deve lopm ent. S in ce  t h i s  approach 
l e a d s  to  d i f f i c u l t i e s  in c o s t  a l l o c a t i o n  and c o s t  s h a r in g  c a l c u l a t i o n s ,  
the e f f e c t s  from the  use o f  such r e so u r c e s  should  be tr e a te d  as  an
a d d i t io n  to  th e  b e n e f i t s  r e s u l t i n g  from a p la n .
B e n e f i c i a l  e f f e c t s  from th e  u t i l i z a t i o n  o f  unemployed or underemployed  
la b o r  r e s o u r c e s  may o ccu r  as a r e s u l t  o f  th e  plan through anployment in  th e
c o n s t r u c t io n  o r  i n s t a l l a t i o n  o f  th e  p la n .
The C o u n c i l ,  c o n s id e r in g  data  from i t s  economic p r o j e c t i o n s  and the 
economic and r u r a l  development programs, w i l l  d e s ig n a te  p la n n in g  re g io n s  
in which unemployed or  underemployed la b o r  r e so u r c e s  e x i s t .
Where th e  p la n n in g  reg ion  has been d e s ig n a te d  as hav ing  unemployed 
or underemployed labor r e so u r c e s  and i t  can be shown th a t  th e s e  labor  
r e so u c e s  w i l l  in  f a c t  be employed or more e f f e c t i v e l y  employed in  c o n s tr u c t io n  
or i n s t a l l a t i o n  of th e  p la n ,  the n e t  a d d i t i o n a l  payments to the  unemployed or 
underemployed la b o r  r e s o u r c e s  shou ld  be measured as a b e n e f i t .
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Adverse E f f e c t s  on N a t io n a l  Economic Development
Achievement o f  b e n e f i c i a l  e f f e c t s  on n a t i o n a l  economic developm ent,  
and or environm enta l q u a l i t y ,  req u ires  r e s o u r c e s  t o  be d iv e r te d  from 
a l t e r n a t i v e  u s e s .  The adverse  e f f e c t s  on n a t io n a l  economic development 
are th e  economic v a lu e  th a t  th e s e  resources would have in  t h e i r  a l t e r n a t i v e  
u s e s .  G e n e r a l ly ,  market p r i c e s  provide a  v a l i d  measure o f  the  v a lu e s  of  
goods and s e r v i c e s  foregone  in  a l t e r n a t iv e  u s e s .  Both p u b l ic  and p r iv a t e  
c o s t s  a s s o c ia t e d  w ith  th e  p lan w i l l  be measured to  in d ic a t e  the t o t a l  adverse  
e f f e c t  on n a t io n a l  economic development in cu rred  t o  r e a l i z e  the d e s ir e d  
o b j e c t i v e s .
1. Sources of  ad verse  e f f e c t s . Water and land r e so u rce  p la n s  r e s u l t  in  
adverse  e f f e c t s  to  n a t io n a l  economic development i n  two ways.
a .  R esources req u ir e d  or d isp laced  to produce f i n a l  or in te r m e d ia te  
goods and s e r v i c e s . In s i t u a t i o n s  where a p h y s i c a l  s t r u c t u r e  i s  n e c e s sa r y  
to  o b t a in  th e  d e s i r e d  o b j e c t i v e ,  the adverse  e f f e c t s  on n a t io n a l  economic  
development in c lu d e  a l l  e x p l i c i t  cash e x p e n d itu r e s  fo r  goods and s e r v i c e s  
n e c e ssa r y  t o  c o n s tr u c t  and op erate  a p r o je c t  throughout a g iv en  p e r io d  o f  
a n a l y s i s .  They c o n s i s t  o f  a c t u a l  expenditures  fo r  c o n s tr u c t io n ;  t r a n s f e r s  
from o ther  p r o j e c t s ,  such a s  c o s t s  for r e s e r v o i r  s t o r a g e ;  development c o s t s  
and i n t e r e s t  du rin g  c o n s t r u c t io n .  I f  th e  output o f  th e  p lan  i s  an i n t e r ­
m ediate good or s e r v i c e ,  the  a sso c ia ted  c o s t s  in cu rred  by the  i n t e r ­
m ediate produce u ser  in  c o n v e r t in g  i t  i n t o  a m arketable  form w i l l  be  
measured. These a s s o c i a t e d  c o s t s  are borne by th e  user  o f  the  p la n  output  
but n e v e r t h e l e s s ,  r e p r e se n t  resou rce  requirem ents n e c e s s a r y  t o  co n v ert
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the  p r o je c t  ou tp u t  in t o  a product demanded by s o c i e t y .  Examples are  
production  c o s t s  in cu rred  by u sers  o f  p lan  o u tp u t s ,  and c o s t s  to  o ther  
producers or t o  p r o c e s s o r s  that a r i s e  in  co n ju n c t io n  w ith  the  p h y s ic a l  
flow  of the ou tp u t  o f  th e  p la n .  A sso c ia te d  c o s t s  sh ou ld  be deducted  
from the v a lu e  o f  g r o s s  outputs  to  o b ta in  n e t  b e n e f i c i a l  e f f e c t s  to  be 
compared w ith  th e  n a t io n a l  economic development a d verse  e f f e c t s  o f  a 
p la n .  These a d v e r se  e f f e c t s  occur as  a r e s u l t  o f  c e r t a i n  re so u rces  being  
r e le a s e d  and s u b se q u e n t ly  unemployed as a r e s u l t  o f  th e  implementation o f  
the  p la n .
In s i t u a t i o n s  where n o n str u c tu r a l  measures are used to  o b ta in  the  
d e s ir e d  o b j e c t i v e ,  the  adverse  e f f e c t s  on n a t io n a l  economic development 
w i l l  in c lu d e  payments to  purchase easem ents or r ig h t s - o f - w a y  and c o s t s  
incurred  fo r  management arrangements or t o  implement and en fo rce  n ecessa ry  
z on in g .  In some c a s e s ,  a c t u a l  cash ex p e n d itu r e s  w i l l  n o t  be in v o lv e d  as 
when l o c a l  com m unities are  required to  fu r n is h  la n d s ,  easem ents and r i g h t s -  
of-w ay.
b .  D ecrea ses  in  output r e s u l t i n g  from e x t e r n a l  d is e c o n o m ie s . E xterna l  
d isecon om ies  a r e  a d verse  economic e f f e c t s  o f  a plan t h a t  are not  r e f l e c t e d  
in  market p r i c e s  o f  p r o j e c t  in p u ts .  They r e s u l t  when p r o v is io n  o f  goods 
and s e r v i c e s  f o r  one group n e c e s s a r i ly  r e s u l t s  in  an u n d e s ir a b le  e f f e c t  
or d i s s e r v i c e  for  another  group. For exam ple ,  th e  r e tu r n  f lo w  from ar. 
i r r i g a t i o n  p r o j e c t  may c r e a t e  a s a l i n i t y  c o n d i t io n  f o r  downstream water  
u s e r s ,  f o r c in g  them t o  adopt h igher  c o s t  w ater  treatm en t p r a c t i c e s .  These 
adverse  e f f e c t s  ( e x t e r n a l  d iseconom ies)  are not com pensated, y e t  they  
should  be ta k en  i n t o  account when d e c id in g  on th e  d e s i r a b i l i t y  o f  a p la n .
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Another type o f  e x t e r n a l  diseconomy may occur i f  the  p la n  has the  
d i r e c t  e f f e c t  of  red u c in g  th e  output o f  some f irm s in  the  project a r e a ,  
and t h i s  red u c t io n  c a u se s  f irm s th a t  are l in k ed  t o  th e  d i r e c t l y  a f f e c t e d  
f irm s  to  become l e s s  e f f i c i e n t  in  t h e i r  o p e r a t io n .  For exam ple, th e  
red u c t io n  in  output by a group o f  f irm s which have t h e i r  output p ro cessed  
by another  firm  may r e s u l t  in  an i n e f f i c i e n t  o p e r a t io n  by th e  p r o c e s s in g  
f  irm.
A th ir d  type o f  e x t e r n a l  diseconomy may occur  i f  th e  p la n  has an 
adverse  d i r e c t  e f f e c t  on th e  consumption by i n d i v i d u a l  consum ers. For 
exam ple, i f  a p lan  i s  in s tr u m e n ta l  in  in c r e a s in g  c o n g e s t io n  or p o l l u t i o n  
which r e s u l t s  in  in c r e a s e d  c o s t s  to  th e  consumers, t h i s  e f f e c t  shou ld  
be taken in t o  account i n  p la n  e v a lu a t io n .
c .  Cost a d ju s tm e n ts . A s p e c i a l  ca se  o f  b e n e f i t s  from c o s t  ad justm ents  
a r i s e  when a p lan  c r e a t e s  an o p p o r tu n ity  to  use  r e s o u r c e s  t h a t  would be 
unemployed or underemployed in  th e  absence  of  th e  p la n .  These r e so u r c e s  
can in c lu d e  la b o r ,  f i x e d  c a p i t a l ,  or n a tu r a l  r e s o u r c e s .  U t i l i z a t i o n  o f  
such unemployed or underemployed r e so u r c e s  may come about (a )  a s  a r e s u l t  
o f  implem enting a p la n ,  in c lu d in g  c o n s t r u c t io n ,  o p e r a t io n ,  m aintenance or 
rep lacem ent;  (b) a s  a r e s u l t  o f  th e  use  o f  in te r m e d ia te  goods and s e r v i c e s  
r e s u l t i n g  from th e  p la n ;  or  (c)  a s  a r e s u l t  o f  ex p a n s io n  o f  output by firm s  
who are i n d i r e c t l y  a f f e c t e d  by th e  i n s t a l l a t i o n  o f  th e  p r o j e c t  or  i n d i r e c t l y  
a f f e c t e d  by consumers and f irm s who use f i n a l  and in te r m e d ia te  g o o d s ,  r e sp e c ­
t i v e l y .  The l a t t e r  two e f f e c t s — (b) and (c)  above—  occur when use  o f  the  
output o f  a plan r e s u l t s  in  the  employment o f  unemployed or more e f f e c t i v e  
employment of  underemployed r e s o u r c e s .  In c r e a se d  n a t i o n a l  ou tp u t r e s u l t s
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i n  t h i s  s i t u a t i o n ,  s in c e  w ith  a  p la n  o th erw ise  unemployed or underemployed 
r e so u r c e s  are in  e f f e c t  s u b s t i t u t e d  f o r  r e so u r c e s  th a t  would have been 
drawn from p r o d u c t iv e  a c t i v i t i e s  e l s e w h e r e .  The market v a lu e  o f  the in c r e a s e  
o f  such p r o d u c t io n  w i l l  be measured as  th e  d i f f e r e n c e  in  th e  earnings  
a ccru in g  to  o th e r w ise  unemployed or  underemployed r e s o u r c e s  w ith  a plan  
a s  compared w ith  t h e i r  e a r n in g s  w ith o u t  a  p la n .  Because o f  measurement 
prob lem s, on ly  b e n e f i t s  a r i s i n g  from the  use o f  o th e r w ise  unemployed or  
underemployed la b o r  r e so u r c e s  in  c o n s t r u c t io n  or i n s t a l l a t i o n  o f  the p l a n , 
w i l l  be e s t im a te d  fo r  th e  n a t i o n a l  economic development a c c o u n t .
2 .  Measurement o f  adverse  e f f e c t s .
a .  R esources  req u ired  f o r  or d i s p la c e d  by th e  p l a n . Resource  
requ irem ents  o f  t h e  p lan  are th e  sum of the market v a lu e s  o f  th e  goods and 
s e r v i c e s  used f o r  i n s t a l l a t i o n ;  i n t e r e s t  during c o n t r u c t io n ;  o p e r a t io n ,  
m aintenance , and rep lacem en t;  and induced  c o s t s  as d e f in e d  below .
I n s t a l l a t i o n  c o s t s  are  th e  market v a lu e s  o f  goods and s e r v i c e s  n e c e ssa r y  
t o  implement a p la n  and p la c e  i t  in  o p e r a t io n ,  in c lu d in g  management and 
o r g a n iz a t io n a l  arran gem en ts ,  t e c h n i c a l  s e r v i c e s ,  la n d ,  e a sem en ts ,  r i g h t s -  
o f-w ay , and w ater  r i g h t s ;  i n i t i a l  and d e fe r r e d  c o n s t r u c t io n ;  c a p i t a l  
o u t la y s  to  r e l o c a t e  f a c i l i t i e s  or t o  prevent o r  m i t i g a t e  damages; t r a n s f e r  
of  i n s t a l l a t i o n  c o s t s  from o th er  p r o j e c t s ;  and a l l  o th e r  ex p en d itu res  
fo r  i n v e s t i g a t i n g ,  s u r v e y in g ,  p la n n in g ,  d e s ig n in g ,  and i n s t a l l i n g  a p lan  
a f t e r  i t s  a u t h o r i z a t i o n .
O p eration , m a in ten an ce ,  and rep lacem ent c o s t s  a re  th e  market va lu es  
o f  goods and s e r v i c e s  needed t o  o p e r a te  an i n s t a l l e d  p la n  and t o  make 
r e p a ir s  and rep la cem en ts  n e c e s s a r y  t o  m ain ta in  th e  p h y s i c a l  f e a tu r e s  in
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sound o p e r a t in g  c o n d i t io n  during  t h e i r  economic l i f e .
b .  D ecreases  in  o u tp u t  r e s u l t i n g  from e x t e r n a l  d ise c o n o m ie s . While  
e x t e r n a l  d iseco n o m ies  a r e  d i f f i c u l t  to  measure and th e  e f f e c t s  are  i n c i d e n t a l  
to  th e  p r o j e c t ,  they  a r e  n e v e r t h e l e s s  rec o g n iz e d  adverse  e f f e c t s .
Induced c o s t s  are  a l l  s i g n i f i c a n t  a d v erse  e f f e c t s  caused by the  
c o n s t r u c t io n  and o p e r a t io n  o f  a p lan  ex p ressed  i n  terms o f  market p r i c e s  
and w hether  or not c o n d en sa t io n  i s  in v o lv e d .  Compensation f o r  some induced  
c o s t s  i s  n e i t h e r  req u ired  nor p o s s i b l e .  Induced c o s t s  in c lu d e  e s t im a te d  
net i n c r e a s e s  in  th e  c o s t  o f  government s e r v i c e s  d i r e c t l y  r e s u l t i n g  from  
the p r o j e c t  and n et  a d v e r se  e f f e c t s  on th e  economy, such a s  in c r e a se d  
t r a n s p o r t a t io n  c o s t s .
Sou rce:  Water R esources C o u n c i l ,  1973. E stab lishm ent of  p r i n c i p l e s  and
stan d ard s  f o r  p la n n in g  w ater and r e l a t e d  land re so u r c e s
APPENDIX D: ENVIRONMENTAL QUALITY OBJECTIVE
The environm ental o b i e c t i v e  i s  enhanced by th e  management, c o n s e r v a t io n ,  
p r e s e r v a t io n  c r e a t i o n ,  r e s t o r a t i o n ,  or improvement o f  th e  q u a l i t y  o f  c e r t a in  
n a tu r a l  and c u l t u r a l  r e so u rces  and e c o l o g i c a l  sys tem s in  th e  area  under study  
and e lse w h e r e  in  the  N ation . This  o b j e c t iv e  r e f l e c t s  s o c i e t y ' s  concern  and 
emphasis fo r  th e  n a tu r a l  environment and i t s  m aintenance and enhancement as  
a sou rce  o f  p r e se n t  enjoyment and a h e r i ta g e  fo r  fu tu r e  g e n e r a t io n s .
E x p l i c i t  r e c o g n i t io n  should  be g iven  to  the  d e s i r a b i l i t y  o f  d i v e r t i n g  
a p o r t io n  o f  th e  N a t io n 's  r e so u r c e s  from p ro d u ct io n  o f  more c o n v e n t io n a l  
m a rk et-o r ien ted  goods and s e r v i c e s  in  order to  accom plish  env iron m en ta l  
o b j e c t i v e s .  As incomes and l i v i n g  l e v e l s  in c r e a s e ,  s o c i e t y  appears l e s s  
w i l l i n g  to  a c c e p t  environm ental d e t e r i o r a t i o n  in  exchange f o r  a d d i t i o n a l  
goods and s e r v i c e s  in  th e  market p la c e .
R esponsive  to  th e  v a r ie d  s p i r i t u a l ,  p s y c h o lo g ic a l ,  r e c r e a t i o n a l ,  and 
m a te r ia l  n eed s ,  th e  environm ental o b j e c t iv e  r e f l e c t s  man's a b id in g  concern  
w ith  th e  q u a l i t y  o f  the  n a tu ra l  p h y s i c a l - b i o l o g i c a l  system  in  which a l l  
l i f e  i s  s u s t a in e d .
Components o f  th e  environm ental o b j e c t i v e  in c lu d e  th e  f o l l o w in g :
a .  Management, p r o t e c t io n ,  enhancement, or c r e a t io n  o f  a r e a s  o f  n a tu r a l  
b eau ty  and human enjoyment such as  open and green  sp a c e ,  w i ld  and s c e n i c  
r i v e r s ,  la k e s ,  b e a c h e s ,  s h o r e s ,  mountain and w i ld e r n e s s  a r e a s ,  and e s t u a r i e s ;
b . Management, p r e s e r v a t io n ,  or enhancement o f  e s p e c i a l l y  v a lu a b le  
or  o u ts ta n d in g  a r c h e o l o g i c a l ,  h i s t o r i c a l ,  b i o l o g i c a l  ( in c lu d in g  f i s h  and
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w i l d l i f e  h a b i t a t ) ,  and g e o l o g i c a l  re so u rces  and e c o l o g i c a l  sys tem s;
c .  Enhancement o f  q u a l i t y  a s p e c t s  o f  w a ter ,  la n d , and a i r  by c o n tr o l  
o f  p o l l u t i o n  or p r e v e n t io n  o f  e r o s io n  and r e s t o r a t io n  o f  eroded a rea s  
embracing th e  need to  harmonize land use  o b j e c t i v e s  in  terms o f  p r o d u c t iv i t y  
for  economic use and development w ith c o n s e r v a t io n  o f  the  r e so u r c e ;
d. A void ing  i r r e v e r s i b l e  commitments o f  r e so u r c e s  to fu tu r e  u ses:
While a l l  forms o f  development and use a f f e c t  and sometimes change the  tenuous  
b alance o f  f r a g i l e  a q u a t ic  and t e r r e s t r i a l  e c o sy s te m s ,  the im p l ic a t io n  o f
a l l  p o s s i b l e  e f f e c t s  and changes on such system s i s  im p e r fe c t ly  understood  
at the p resen t  t im e .  In the  absence o f  a b s o lu t e  measures or s tan d ard s  for  
r e l i a b l y  p r e d ic t in g  e c o l o g i c a l  change, t h e s e  p lann ing  stan d ard s  emphasize  
the need f o r  a c a u t io n a r y  approach in  m eeting  development and u se  o b j e c t i v e s  
in  order to  m inim ize or p rec lu d e  the p o s s i b i l i t y  o f  u n d e s ir a b le  and p o s s i b l e  
i r r e v e r s i b l e  changes in  th e  n a tu r a l  environment ;
e .  O th ers .  Given i t s  broad and p e r v a s iv e  n a tu r e ,  i t  i s  not p r a c t i c a l  
to s p e c i f i c a l l y  i d e n t i f y  in  th e s e  standards  a l l  p o s s i b l e  components o f  the  
environm ental q u a l i t y  o b j e c t i v e .  I f  o th er  components are r e c o g n iz e d ,  they  
should be e x p l i c i t l y  i d e n t i f i e d  and accomodated in th e  p la n n in g  p r o c e s s .
B e n e f i c ia l  and Adverse E f f e c t s  on Environmental Q u a lity
A w ater  and land use plan may have a v a r i e t y  o f  e f f e c t s — b e n e f i c i a l  and 
ad verse— on environm ental q u a l i t y .  While e f f e c t s  on env iron m en ta l  q u a l i t y  are  
c h a r a c te r iz e d  by t h e i r  nonmarket, nonmonetary n a tu re ,  they p ro v id e  important  
ev id en ce  f o r  ju d g in g  the va lu e  o f  proposed p la n s .
B e n e f i c i a l  e f f e c t s  on the  environm ental q u a l i t y  account are  c o n t r ib u t io n s  
r e s u l t i n g  from th e  management, p r e s e r v a t io n ,  or r e s t o r a t i o n  o f  one or more o f  
the environm ental c h a r a c t e r i s t i c s  o f  an area  under stu d y  o r  e l s e w h e r e  in  th e
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N a t i o n .  Such  c o n t r i b u t i o n s  g e n e r a l l y  e n h a n c e  t h e  q u a l i t y  o f  l i f e .
Adverse env ironm enta l  e f f e c t s — g e n e r a l l y  th e  obverse  o f  b e n e f i c i a l  
environm ental e f f e c t s — a r e  consequences o f  th e  proposed p lan  that r e s u l t  in  
th e  d e t e r i o r a t i o n  o f  r e le v a n t  env ironm enta l c h a r a c t e r i s t i c s  o f  an area under 
s tu d y  or e ls e w h e r e  in th e  N a t io n ,  fo r  exam ple, a c r e s  o f  open and green  
s p a c e ,  w i ld e r n e s s  a r e a s ,  e s t u a r i e s ,  or  w i l d l i f e  h a b i ta t  inundated or a l t e r e d ,  
or  o f  lands e x p e r ie n c in g  in crea sed  e r o s i o n .  Such adverse  e f f e c t s  g e n e r a l ly  
d e t r a c t  from or d im in ish  the q u a l i t y  o f  l i f e .
O f t e n ,  h o w e v e r ,  a n  e n v i r o n m e n t a l  i m p a c t  o f  a  p l a n  c a n n o t  be  e a s i l y  
l a b e l e d  as  b e i n g  b e n e f i c i a l  o r  a d v e r s e ,  s i n c e  t h a t  d e c i s i o n  w i l l  v a r y  w i t h  
t h e  p e r c e p t i o n s  o f  t h e  i n d i v i d u a l  c o n c e r n e d .  I n  any c a s e ,  t h e  e f f e c t  i t s e l f  
s h o u l d  b e  q u a n t i f i e d  an d  d i s p l a y e d  f o r  p u r p o s e s  o f  d e c i s i o n m a k i n g .
1. Measurement m ethods. Whether s u b j e c t i v e l y  p er c e iv e d  or o b j e c t i v e l y  
measured, th e  c r i t e r i a  used to d e s c r ib e  or e v a lu a te  th e  b e n e f i c i a l  or ad verse  
e f f e c t s  of  a p lan  w i l l  vary— c o n s i s t e n t  w ith  th e  r e le v a n t  components o f  
environm enta l q u a l i t y  under c o n s id e r a t io n .  To th e  e x t e n t  p o s s i b l e ,  however, 
b»^neficial o r  a d verse  e f f e c t s  w i l l  be d i s p la y e d  in  terms o f  r e le v a n t  p h y s ic a l  
and e c o l o g i c a l  c r i t e r i a  or d im en sio n s ,  in c lu d in g  the a p p ro p r ia te  q u a l i t a t i v e  
d im en sion s . For exam ple, where the e f f e c t s  of  a plan w i l l  be v i s i b l y  e v id e n t ,  
q u a n t i t a t i v e ,  and q u a l i t a t i v e  d e s c r i p t i o n s  may be made in  terms o f  e s t a b l i s h e d  
or a ccep ted  w ater and land c l a s s i f i c a t i o n  or  e c o l o g i c a l  c r i t e r i a  and r e la t e d  
m easures .
Where s i g n i f i c a n t  p h y s i c a l  e f f e c t s  a r e  l e s s  e a s i l y  p e r c e iv e d ,  i t  may be 
n e c e ssa r y  t o  determ ine  t h e i r  e x t e n t  through in s tr u m e n ta t io n  or sym p to m a tica l ly  
by the  p r e se n c e  or absence  o f  commonly ex p e c te d  c h a r a c t e r i s t i c s .  As an 
example, e u t r o p h ic a t io n  o f  f r e s h  w ater la k e s  e x e m p l i f i e s  a l e s s  e a s i l y  p er c e iv e d  
p ro cess  th a t  i s  r e f l e c t e d  sy m p to m a t ic a l ly ,  and which i s  s u b j e c t  to  measurement 
by in s tr u m e n ta t io n  w ith  s t a t i s t i c a l  a n a l y s i s  o f  data c o l l e c t e d  over  t im e .
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T h erefore ,  i t s  r a t e  o f  change i s  measured by r e feren ce  t o  p r e v io u s  d a te s  or 
p e r io d s ,  w ith  p r o je c te d  r a t e s  o f  fu tu re  change based on p r o b a b i l i t y  a n a l y s i s .  
As e x p l i c i t  an account a s  p o s s i b l e  o f  th e s e  e f f e c t s  and su p p o r t in g  a n a l y s i s  
should be p ro v id ed .
N o tw ith s ta n d in g  the  p h y s ic a l  or e c o l o g i c a l  c r i t e r i a  terms a v a i l a b l e ,  
c e r t a in  en v iron m en ta l  e f f e c t s  can be p resen ted  most e f f e c t i v e l y  by r e fe r e n c e  
to  t h e i r  q u a l i t a t i v e  d im en sio n s .  For i n s t a n c e ,  i t  may b e  n e c e s s a r y  to  use  
t h i s  approach to  show the  importance o f  a r e d u c t io n  in u s e  or a v a i l a b i l i t y  for  
u s e  o f  a r e a s  o f  n a tu r a l  b ea u ty ,  a r c h e o l o g i c a l ,  or h i s t o r i c a l  s i g n i f i c a n c e .  
C on sequently ,  the  a n a l y s i s  should  be supported by an a p p ro p r ia te  d e s c r i p t i v e -  
q u a l i t a t i v e  in t e r p r e t a t i o n  and e v a lu a t io n  o f  th e  e f f e c t s  o f  the  p lan  on the  
r e le v a n t  components o f  environm ental q u a l i t y .
2. With and w ith o u t  a n a l y s i s  E x i s t in g  environm ental c o n d i t i o n s  w i l l  be 
d esc r ib e d  and p resen ted  in  terms th a t  b e s t  c h a r a c te r iz e  the  p la n n in g  per­
c e p t io n s  and e c o lo g y  of  the  a f f e c t e d  area a s  c o n d it io n s  would e x i s t  w ith ou t  
any p la n .  S im i la r  d e s c r i p t i o n s  w i l l  be prepared for  th e  t im e sequence o f  th e  
c o n d i t io n s  to  be ex p ec ted  w ith  and w ith o u t  th e  p lan  throughout th e  p er io d  of  
a n a l y s i s .  The c o n d i t io n s  b e fo r e  p lan n in g  i s  i n i t i a t e d  w i l l  p ro v id e  th e  data  
from which to  e v a lu a t e  environm ental e f f e c t s — or p r e d ic t io n  o f  change— under 
a l t e r n a t i v e  p r o p o s a l s ,  in c lu d in g  the  consequence o f  f a i l u r e  t o  adopt a plan  
for  development and use o f  re so u r c e s  in  th e  area  under s tu d y .  I t  shou ld  be 
c l e a r  th a t  env ironm ental c o n d i t io n s  w i l l  not remain s t a t i c  but w i l l ,  in  f a c t ,  
tend to change over  tim e r e g a r d le s s  o f  whether a plan i s  ad op ted .
3. L i m i t a t i o n s . I t  i s  not p r e s e n t ly  p o s s i b l e  to  a n t i c i p a t e  or i d e n t i f y ,  
much l e s s  m easure, a l l  env ironm ental e f f e c t s  or  change. Nor are th e r e  in  
e x i s t e n c e  e v a lu a t io n  s tan d ard s  th a t  perm it f u l l  and d i r e c t  q u a n t i t a t i v e  
com parisons and ranking o f  th e  c o n d i t io n s  o f  i d e n t i f i a b l e  env ironm ental
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e f f e c t s  th a t  might be expected  to  r e s u l t  from a p la n .  C onsequently , reasoned  
judgments by m u l t i d i s c i p l i n a r y  teams w i l l  be required  in  many s i t u a t i o n s .
When t h i s  i s  n e c e s s a r y ,  a frank e x p r e s s io n  o f  the  s t a t e  of knowledge and the  
l i m i t a t i o n s  t h e r e o f ,  a s  w e l l  as the l i m i t a t i o n s  o f  th e  a n a l y s i s  in  each  
in s t a n c e ,  i s  e s s e n t i a l .
4 . C la s s e s  o f  env iron m en ta l e f f e c t s . Environmental e f f e c t s  o f  p lan s  toward 
the complex o f  c o n d i t io n s  encompassed by the  environm ental q u a l i t y  o b j e c t i v e  
are b e s t  understood and t h e i r  s i g n i f i c a n c e  in t e r p r e t e d  by e v a lu a t in g  them as  
s e p a r a b le  components. W hile th e se  are s t a t e d  in  terms of b e n e f i c i a l  e f f e c t s ,  
adverse  e f f e c t s  should  be read as Che c o n v e r se  o f  each s ta te m e n t .  B e n e f i c i a l  
e f f e c t s  (and a d verse  e f f e c t s )  o f  p la n s  a s  r e l a t e d  to  components o f  th e  
environm enta l o b j e c t i v e  a r e  c l a s s i f i e d  and e v a lu a te d  r e le v a n t  to :
A. B e n e f i c i a l  e f f e c t s  r e s u l t i n g  from th e  p r o t e c t i o n ,  enhancement or 
c r e a t io n  o f  open and green  sp a ce ,  w i ld  and s c e n ic  r i v e r s ,  l a k e s ,  b e a c h e s ,  
s h o r e s ,  mountain and w i ld e r n e s s  a r e a s ,  e s t u a r i e s ,  or o th er  a r e a s  o f  n a tu r a l  
b eau ty .
With regard to  th e s e  k in d s  o f  r e s o u r c e s ,  b e n e f i c i a l  e f f e c t s  on t h i s  
component o f  th e  env ironm enta l  q u a l i t y  o b j e c t i v e  are  e v a lu a te d  on the  b a s i s  
of  data such as  f o l l o w s ,  though th e s e  are  n o t  a l l  i n c l u s i v e :
1. Open and green s p a c e . These are  e s s e n t i a l l y  undeveloped , v i s u a l l y  
a t t r a c t i v e  n a tu r a l  a rea s  s t r a t e g i c a l l y  lo c a t e d  where most needed to  
a m e l io r a te  i n t e n s i f y i n g  u r b a n iz a t io n  p a t t e r n s ,
a .  S iz e  and measure:
(1 )  T ota l  a c r e a g e  (woods, f i e l d s ,  meadows, e t c . ) :
(2 )  P a tte r n  and d i s t r i b u t i o n ;
(3 )  J u x t a p o s i t i o n  t o  community and urban a rea s  ( e f f e c t  
on urban s p r a w l) .
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b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an 
e v a lu a t io n  o f  the e f f e c t s  o f  a plan on the  d e s ig n a te d  or  
a f f e c t e d  open and green sp a c e .
c .  Improvements:
(1) A c c e s s i b i l i t y  (m ileage  o f  p u b l ic  roads or t r a i l s  
provid ed ; easem ents);
(2) P u b lic  a m e n it ie s  ( p r o v i s io n  fo r  l im i t e d  f a c i l i t i e s ,  
i f  any) ;
(3) Other ( s p e c i f y  or d e s c r i b e ) .
d. P r o t e c t io n  and p r e s e r v a t io n :
(1) P h y s ic a l  ( f i r e ,  b io e n v ir o n m e n ta l , e t c . ) :
(2) Legal ( d e d ic a t io n ,  ea sem en ts ,  i n s t i t u t i o n a l ,  e t c . ) ;
(3) S p e c i a l .
2. Wild and s c e n i c  r i v e r s . These are  f r e e - f l o w i n g  s tr e a m s ,  w i th  
s h o r e l i n e s  or w atershed  e s s e n t i a l l y  or l a r g e l y  u n developed , which p o s s e s s  
o u t s t a n d in g ly  remarkable s c e n i c ,  r e c r e a t i o n a l ,  g e o l o g i c a l ,  f i s h  and w i l d l i f e ,  
h i s t o r i c ,  c u l t u r a l ,  and o th e r  f e a t u r e s .
a .  S iz e  and measure, in c lu d in g  c h a r a c t e r i z a t i o n  o f  a d ja c e n t  
p r im i t iv e  o r  near n a tu r a l  s e t t i n g :
(1) T o ta l  m ileage;
(2) White water m ilea g e ;
(3)  W a t e r  q u a l i t y ;
(A) C haracter  and e x te n t  or  a c r e a g e  o f  s t r e a m s id e  land;
(5) J u x t a p o s i t io n  to  community.
b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an e v a lu a t io n  
o f  th e  e f f e c t s  o f  a p lan  on th e  d e s ig n a te d  or  a f f e c t e d  w i ld  or 
s c e n i c  r i v e r .
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c .  Improvements:
(1) A c c e s s i b i l i t y  ( t r a i l s ,  in freq u en t  ro a d s ,  or o th er  
minimum p u b l ic  a c c e s s  provided; e a se m e n ts ) ;
(2) P u b l ic  a m en it ie s  (p r o v is io n  for l i m i t e d  f a c i l i t i e s ,  as  
b o a t  lau n ch in g ,  p ic n ic  a r e a s ,  i f  a n y ) ;
(3) Other ( s p e c i f y  or d e s c r ib e )
d. P r o t e c t io n  and p r e se r v a t io n :
(1) P h y s ic a l  (b io en v iro n m en ta l) ;
(2) L ega l (d e d ic a t io n  or w ith d ra w a l,  i n s t i t u t i o n a l ,  water  
q u a l i t y  s ta n d a rd s ,  e t c . ) ;
3. L akes. Where t h e i r  c l a r i t y ,  c o lo r  s c e n ic  s e t t i n g ,  or  o th e r ,  
c h a r a c t e r i s t i c s  a r e  o f  s p e c i a l  i n t e r e s t ,  a e s t h e t i c a l l y  p l e a s i n g  la k e s  c o n tr ib u te  
to  the q u a l i t y  o f  human e x p e r ie n c e .
a .  S ize  and measure:
(1) S u r fa c e  acreage;
(2) S h o r e l in e  m ileage;
(3) C lea n in g ;
(4) S h o r e l in e  management, in c lu d in g  p u b l i c  a m e n it ie s  ;
(3) O ther ( s p e c i f y  or d e s c r i b e ) .
d. P r o t e c t io n  and p r e s e r v a t io n :
(1) P h y s i c a l  (b io e n v ir o n m e n ta l) ;
(2) Legal ( i n s t i t u t i o n a l ,  p o l l u t i o n  s ta n d a r d s ,  e t c . ) ;
(3) S p e c i a l .
4 . Beaches and s h o r e s .  The j u x t a p o s i t i o n  o f  a t t r a c t i v e  b e a c h e s ,  d i s t i n c t i v e  
s c e n ic  s h o r e l i n e s ,  and a d ja c e n t  areas  o f  c le a n  o f f s h o r e  water  p r o v id e s  p o s i t i v e  
p u b l ic  a e s t h e t i c  v a l u e s  and r e c r e a t io n a l  enjoyment.
a .  S iz e  and measure:
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b. A d e s c r i p t i v e - q u a l i t a t i v e  in t e r p r e t a t i o n ,  in c lu d in g  an e v a lu a t io n  
of th e  e f f e c t s  o f  a p la n  on d e s ig n a te d  or a f f e c t e d  beaches and s h o r e s .
c .  Improvements:
(1) A c c e s s i b i l i t y  (p u b lic  orads and t r a i l s ;  e a se m e n ts ) ;
(2)  P u b l i c  a m e n i t i e s ;
(3) Nourishment;
(4) Other ( s p e c i f y  or d e s c r ib e ) .
d. P r o t e c t io n  and p r e s e r v a t io n :
(1) P h y s i c a l  ( j e t t y s ,  bulkheads, e t c . ) ;
(2) L ega l ( d e d ic a t io n ,  i n s t i t u t i o n a l , e t c . ) ;
(3) S p e c i a l .
5. Mountains and w i ld e r n e s s  a r e a s . G en era l ly  o c c u r r in g  a t  h igher  
a l t i t u d e s ,  t h e s e  p r i s t i n e  a r e a s  o f  n atu ra l  sp lendor and s c i e n t i f i c  i n t e r e s t  
embrace a very  s p e c i a l  c a te g o r y  o f  land u s e .  Such a r e a s  are d e s ig n a te d  for  the  
purpose o f  p r e s e r v in g  prim eval c o n d i t io n s ,  as n ea r ly  as p o s s i b l e ,  fo r  a e s t h e t i c  
enjoyment and fo r  l i m i t e d  forms o f  r e c r e a t io n  and o th er  s c i e n t i f i c  u s e s .
a. S iz e  and measure:
(1) A creage;
(2) B i o l o g i c a l  d i v e r s i t y ;
(3)  P a t t e r n  and d i s t r i b u t i o n ;
b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an e v a lu a t io n  
o f  the  e f f e c t s  o f  a plan on th e  d e s ig n a te d  or a f f e c t e d  
mountain and w i ld e r n e s s  area .
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c .  Improvements:
(1) A c c e s s i b i l i t y  ( l im i t e d  p u b lic  roads and t r a i l s ) ;
(2) P u b l ic  a m en it ie s  ( l im i t e d  f a c i l i t i e s  p r o v id e d ,  i f  a n y ) ;
(3) Other ( s p e c i f y  or d e s c r ib e ) .
d . P r o t e c t io n  and p r e s e r v a t io n :
(1) P h y s ic a l  ( f i r e ,  b io e n v ir o n m e n ta l ,  e t c . ) ;
(2) Legal ( d e d ic a t io n ,  i n s t i t u t i o n a l ,  e t c . ) ;
(3) S p e c ia l .
6 .  E s t u a r i e s . Beyond t h e i r  c r i t i c a l  importance in  man's h a r v e s t  o f  
e c o n o m ic a l ly  u s e f u l  l i v i n g  m arine r e s o u r c e s ,  many e s t u a r i e s ,  coves  and bays  
m erit  s p e c i a l  c o n s id e r a t io n  a s  v i s u a l l y  a t t r a c t i v e  s e t t i n g s  th a t  support
d iv e r s e  l i f e  forms o f  a e s t h e t i c  v a lu e  and as marine e c o sy s te m s  of s p e c i a l  i n t e r e s t .
a .  S iz e  or  measure:
(1) S u rfa ce  acreage;
(2) S h o re l in e  m i le a g e ;
(3) Marshland a c r e a g e  and s h o r e l in e  m i le a g e ;
(4) Water q u a l i t y .
b. B i o l o g i c a l  s i g n i f i c a n c e  a s  a n u rsery ,  b r e e d in g ,  and f e e d in g  
ground (name s p e c i e s  i n v o l v e d ) .
c .  A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an e v a lu a t io n  
o f  th e  e f f e c t s  o f  a  p lan  on the d e s ig n a te d  or  a f f e c t e d  e s t u a r y .
d . Improvements
(1) A c c e s s i b i l i t y ;
(2)  P u b l ic  a m en it ie s  ( f a c i l i t i e s  p r o v id e d ,  i f  any);
(3) Other ( s p e c i f y  or d e s c r i b e ) .
e .  P r o t e c t io n  and p r e s e r v a t i o n :
(1) P h y s ic a l ;
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(2 )  Legal;
(3 )  S p e c i a l .
7. Other a rea s  o f  n a tu ra l  b ea u ty .  These in c lu d e  any o th e r  examples  
o f  n a t u r e ' s  v i s u a l  m agnif icance  and s c e n ic  grandeur, n o t  accomodated in  th e  
a b o v e - s p e c i f i e d  c l a s s e s ,  which have s p e c i a l  a p p ea l to the  a e s t h e t i c  f a c u l t i e s  o f  
man.
a .  S iz e  or measure:
(1) Acreage;
(2) M ileage .
b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an e v a lu a t io n
of  the e f f e c t s  o f  a p la n  on d e s ig n a te d  or a f f e c t e d  a rea s  o f  n a tu r a l
b eauty .
c .  Improvements:
(1) A c c e s s i b i l i t y  (p u b l ic  roads and t r a i l s ;  easem en ts);
(2)  Screening;
(3) P la n t in g s  ( s e e d l i n g s ,  g r a sse d  c o v e r ,  e t c . ) ;
(4 )  P u b lic  a m e n it ie s  ( s c e n ic  o v e r lo o k s ,  i f  any);
(5) Other ( s p e c i f y  o r  d e s c r i b e ) .
d. P r o te c t io n  and p r e s e r v a t io n :
(1 )  P h y s ic a l  ( f i r e ,  b io e n v ir o n m e n ta l ,  e t c . ) ;
(2 )  Legal;
(3 )  S p e c ia l .
C o n v e r se ly ,  and in  a g e n e r a l l y  p a r a l l e l  manner, adverse  e f f e c t s  o f  a 
p la n  r e s u l t  from the in u n d a tio n ,  a d v e r se  a l t e r a t i o n ,  or d e c r e a s e s  in  th e  
a v a i l a b i l i t y ,  u se  and a e s t h e t i c  q u a l i t y  o f  t h e s e  r e so u r c e s .
B. B e n e f i c i a l  e f f e c t s  r e s u l t i n g  from th e  p r e s e r v a t io n  or enhancement o f  
e s p e c i a l l y  v a lu a b le  a r c h e o l o g i c a l ,  h i s t o r i c a l ,  b i o l o g i c a l ,  and g e o l o g i c a l  r e s o u r c e s  
and s e l e c t e d  e c o l o g i c a l  sy s te m s .
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Excluding e c o l o g i c a l  sy s tem s  which are  s e p a r a t e ly  ev a lu a ted  below,  
b e n e f i c i a l  e f f e c t s  on t h i s  component o f  th e  env ironm enta l  o b j e c t iv e  are ev a lu a ted  
on the b a s i s  o f  d ata  such a s  f o l l o w s ,  though th e s e  are  n ot  a l l  in c lu s iv e :
1. A r c h e o lo g ic a l  r e s o u r c e s . P r e s e r v a t io n  o f  t h e s e  r e so u r c e s  provides
a c o n t in u in g  o p p o r tu n ity  f o r  s tu d y in g  th e  development o f  human s e t t le m e n ts  and 
understanding  man's c u l t u r a l  h e r i t a g e .
a. S i z e  or measure:
(1) Acreage;
(2) Square fo o ta g e ;
(3) H eight or depth from ground l e v e l .
b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n  in c lu d in g  an
e v a lu a t io n  o f  th e  e f f e c t s  o f  a p lan  on th e  d es ig n a ted  or
a f f e c t e d  a r c h e o l o g i c a l  r e so u r c e  a r e a s .
c .  E d u ca t io n a l:
(1) General e d u c a t io n ;
(2) S p e c ia l  and s c i e n t i f i c .
d. Improvements:
(1) A c c e s s i b i l i t y  (p u b l ic  roads and t r a i l s ;  easem ents);
(2)  I n t e r p r e t a t i o n  and m onumentation;
(3) Other ( s p e c i f y  or d e s c r i b e ) .
e .  P r o t e c t io n  and p r e s e r v a t io n :
(1) P h y s ic a l ;
(2) Legal ( d e d i c a t i o n ,  o t h e r ) ;
(3) S p e c i a l .
2 .  H i s t o r i c a l  r e s o u r c e s . P r e s e r v a t io n  o f  t h e s e  re so u r c e s  prov ides
f o r  the  s tu d y ,  u n d e r s ta n d in g ,  and a p p r e c ia t io n  o f  th e  N a t io n 's  o r ig in s  and th e  
e v o lu t io n  o f  i t s  i n s t i t u t i o n s  as w e l l  a s  i t s  s c i e n t i f i c  and t e c h n ic a l  p r o g r e s s .
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a .  S iz e  and measure:
(1) Acreage;
(2) Number o f  u n i t s  (o f  whatever k in d ) .
b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an e v a lu a t io n  
o f  the  e f f e c t s  o f  a p lan  on the d e s ig n a te d  or a f f e c t e d  h i s t o r i c a l  
r esou rce  area .
c .  E ducational v a lu e s :
(1) General e d u ca t io n ;
(2) S p e c i a l i s t .
d. Improvements:
(1) A c c e s s i b i l i t y  (p u b l ic  roads and t r a i l s ;  ea sem en ts) ;
(2)  A v a i l a b i l i t y  (as a p p ro p r ia te  to  p a r t i c u la r  s i t e  or 
m a t e r ia l s  preserved ;
(3) I n t e r p r e t a t io n  and monumentation;
(4) Other ( s p e c i f y  or d e s c r i b e ) .
e .  P r o t e c t io n  and p r e s e r v a t io n ;
(1) P h y s ic a l ;
(2)  Legal ( d e d ic a t io n ,  o t h e r ) ;
(3)  S p e c ia l .
3. B i o l o g i c a l  r e s o u r c e s . The o p p o r tu n ity  t o  ob serv e  and study  
b i o l o g i c a l  r e s o u r c e s — t e r r e s t r i a l  and a q u a t ic — le a d s  to  an e n la rg ed  u n d erstand ing  
and a p p r e c ia t io n  o f  the  n a tu r a l  world a s  th e  h a b i t a t  o f  man.
a . S iz e  and measure (wide v a r i a t i n g  depending on c h a r a c t e r i s t i c s  
o f  p a r t i c u la r  animal or  p l a n t ) :
(1)  T o ta l  land and s u r f a c e  acreage  and s h o r e l i n e  m ile a g e ;
(a )  Land a creage  ( f o r e s t ,  woodland, g r a s s la n d ,  e t c . ) ;
(b) Water su r fa c e  a crea g e  and s h o r e l in e  m ile a g e ;
( c )  Marshland a c r e a g e  and s h o r e l i n e  m i le a g e .
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(2) P o p u la t io n  e s t im a t e s  and c h a r a c t e r i s t i c s  o f  f i s h  and 
w i l d l i f e  to  in c lu d e  a s  n e a r ly  a s  p o s s i b l e :
(a)  Age and s i z e  c l a s s e s ;
(b) Sex r a t i o s ;
(c )  D i s t r i b u t i o n  ( d e n s i t y ) .
b. A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an 
e v a lu a t io n  of the  e f f e c t s  o f  a plan on th e  d e s ig n a te d  or  
a f f e c t e d  b i o l o g i c a l  r e so u r c e  or r e s o u r c e s .
c .  E d u cation a l:
(1) General;
(2) S p e c ia l  and s c i e n t i f i c .
d. Improvements:
(1) A c c e s s i b i l i t y  ( p u b l ic  roads and t r a i l s ,  e a s e m e n ts ) ;
(2) H abita t  enhancement or s i t e  improvement:
(a )  S a n i t a t io n ;
(b) S t a b i l i z a t i o n ;
(c )  I n c r e a s in g  edges;
(d) H arvest in g  ( t o  m ainta in  b a la n c e  w ith  environm enta l  
food s u p p ly ) ;
(e)  Cover p la n t in g  ( s p e c i e s ,  in c lu d in g  number or  
a c r e a g e ) ;
( f )  S to ck in g ;
( i )  W i l d l i f e  ( s p e c i e s  and number);
( i i )  F ish  ( s p e c i e s  and number);
(3) Other ( s p e c i f y  or d e s c r ib e ) :
c .  P r o t e c t io n  and p r e s e r v a t io n :
( 1 )  P h y s i c a l ;
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(2) Legal ( d e d ic a t io n ,  o t h e r ) ;
(3) S p e c ia l .
4 .  G e o lo g ic a l  r e s o u r c e s .  When o f  o u t s ta n d in g  g e o lo g ic  or géom orphologie  
s i g n i f i c a n c e ,  p r e s e r v a t io n  o f  t h e s e  r e so u r c e s  c o n t r i b u t e s  to  man's knowledge and 
a p p r e c ia t io n  o f  h i s  p h y s ic a l  environm ent.
a .  S iz e  and measure:
(1) Surface a c r e a g e ;
(2) Subsurface a c r e a g e  ( e s t im a t e d ) ;
(3)  Quantity ( e s t im a te d  in  a p p r o p r ia te  u n i t s ) .
b . A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  in c lu d in g  an 
e v a lu a t io n  o f  the  e f f e c t s  o f  a p la n  on th e  d e s ig n a te d  or  
a f f e c t e d  g e o l o g i c a l  r e s o u r c e s .
c .  E ducationa l:
(1)  General e d u c a t io n ;
(2) S p e c ia l  and s c i e n t i f i c .
d. Improvements:
(1) A c c e s s i b i l i t y  (p u b l ic  roads and t r a i l s ;  ea se m e n ts ) ;
(2) I n t e r p r e t a t io n  and monumentation;
(3 )  Ocher ( s p e c i f y  and d e s c r i b e ) ;
e .  P r o te c t io n  and p r e s e r v a t io n :
(1) P h y s ic a l ;
(2) Legal ( d e d i c a t i o n ,  o t h e r ) ;
(3)  S p e c ia l .
C o n v e r se ly ,  and in  a g e n e r a l ly  p a r a l l e l  manner, a d verse  e f f e c t s  r e s u l t  
from th e  in u n d a tio n ,  d e t e r i o r a t i o n ,  or d i s r u p t io n  o f  l i k e  k inds o f  r e s o u r c e s .
5 . E c o lo g ic a l  s y s t e m s . Apart from th e  c o n t r ib u t io n s  vrtiich u se  o f  the  
n a t u r a l  r e so u r c e  base  makes t o  man's b a s i c  n eed s  fo r  fo o d ,  s h e l t e r ,  c l o t h i n g .
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and employment o p p o r t u n i t i e s ,  covered e ls e w h e r e ,  th e  env ironm enta l o b j e c t iv e
embraces the concept and a p p r e c ia t io n  o f  the v a lu e s  in h e r e n t  i n  p r e s e r v a t io n  o f
e c o l o g i c a l  system s per s e .
Each n a tu r a l  a r e a ,  such  as  a w atershed , a v e g e t a t io n  and s o i l  ty p e ,  
a t i d a l  s a l t  marsh, a swamp, a la k e ,  or a stream  complex, r e p r e s e n t s  an ecosystem ,  
an in terd ep en d en t p h y s i c a l  and b i o t i c  environment t h a t  f u n c t io n s  a s  a continuing  
dynamic u n i t ,  p o s s e s s in g  n o t  o n ly  i n t r i n s i c  v a lu e s  but a l s o  c o n t r ib u t in g  to  the 
enrichment o f  the  g en era l  q u a l i t y  o f  l i f e  in  a v a r i e t y  o f  s u b t l e  ways. Conversely ,  
when such n a tu ra l  a r e a s  a r e  l o s t  or o th e r w is e  d im in ish ed  in  s i z e  or q u a l i t y ,  
th ere  are  corresponding  a d v erse  environm ental e f f e c t s  borne by s o c i e t y .
B e n e f i c i a l  e f f e c t s  r e s u l t i n g  from p r e s e r v a t io n  o f  e c o l o g i c a l  system s  
in c lu d e :
a . The m aintenance o f  a n a tu r a l  environm ent in  a s t a t e  o f
e q u i l ib r iu m  a s  an i n t r i n s i c  v a lu e  to  s o c i e t y ;
b. The p r o v i s io n  o f  th e  p u r e s t  form o f  a e s t h e t i c  c o n ta c t  w ith
n a tu re ;
c .  C o n tr ib u t io n s  t o  the deve lopm ent,  a p p r e c ia t io n ,  and 
in t e g r a t i o n  o f  a "land e t h i c "  or en v ironm enta l  con sc ien ce  
a s  a part o f  man's c u l t u r e ;  and
d . S c i e n t i f i c  un d erstan d in g  d er iv ed  from the  p r e se r v a t io n  
and s tu d y  o f  n a tu r a l  e c o l o g i c a l  sy s tem s  which c o n tr ib u te s  
to  th e  c o n s e r v a t io n  o f  n a tu r a l  r e s o u r c e s  in  g e n e r a l ,
th e  most Important p r a c t i c a l  a p p l i c a t i o n  o f  e c o lo g y .
C o n v erse ly ,  a d v erse  e f f e c t s  a re  th e  r e d u c t io n  or l o s s  o f  o p p o r tu n ity  to  
s o c i e t y  a s  a r e s u l t  o f  a p la n .
C. B e n e f i c i a l  e f f e c t s  r e s u l t i n g  from th e  enhancement o f  s e l e c t e d  q u a l i t y  
a s p e c t s  o f  w a ter ,  la n d , and a i r  by c o n t r o l  o f  p o l l u t i o n .
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1. Water q u a l i t y .  The b e n e f i c i a l  e f f e c t s  o f  water q u a l i t y  improvements 
w i l l  be  r e f l e c t e d  in  in c r e a se d  v a lu e  to  water u se r s  and w i l l  be recorded under 
the  n a t io n a l  economic developm ent or r e g io n a l  development o b j e c t i v e .  For 
exam ple, in c r e a s e s  in  the v a lu e  o f  th e  N a t io n 's  output of  goods and s e r v i c e s  
from improvements in  w ater  q u a l i t y  w i l l  be accommodated under the n a t io n a l  
economic developm ent o b j e c t i v e .  A g rea t  deal o f  improvement i s  needed in  
th e  methods o f  measuring th e s e  v a l u e s .
There w i l l  be o th er  w ater q u a l i t y  b e n e f i c i a l  e f f e c t s ,  however, th a t  
cannot be measured in  monetary terms but are n o n e t h e le s s  o f  v a lu e  to  th e  N ation .  
Examples o f  such b e n e f i t s  are  u s u a l l y  in  the a e s t h e t i c  and e c o l o g i c a l  a r e a s  so  
important to  mankind. B e n e f i c i a l  e f f e c t s  from th e s e  k in d s  o f  improvements are  
c o n t r ib u t io n s  to  the env iron m en ta l  q u a l i t y  account and are  i d e n t i f i e d ,  measured, 
and d e sc r ib e d  in  nonmonetary term s.
B e n e f i c i a l  e f f e c t s  to  th e  env ironm ental q u a l i t y  account from water  
q u a l i t y  c o n t r o l  may be d e f in e d  in  r e l a t i o n  to  the  S ta te  s tan d ard s  or g o a l s  
e s t a b l i s h e d  under th e  Federa l  Water P o l lu t io n  Control Act Amendments o f  1972 
(P .L . 9 2 -5 0 0 ) .  R e se r v o ir  s t o r a g e  and f low  r e g u la t io n  fo r  water q u a l i t y  may be 
u t i l i z e d  where i t  i s  th e  l e a s t - c o s t  way o f  m eeting  th e s e  s tandards or  g o a l s .
C o n s is te n t  w ith  w ater  q u a l i t y  s tandards or g o a ls  e s t a b l i s h e d  fo r  th e  
a f f e c t e d  p la n n in g  a r e a ,  w ater  q u a l i t y  c o n tr o l  b e n e f i c i a l  e f f e c t s  are i d e n t i f i e d ,  
measured, and d e s c r ib e d  by m ethods and terms such a s :
a .  P h y s ic a l  and ch em ica l  t e s t s  in c lu d in g  but not l im i te d  to :
(1) D is s o lv e d  oxygen;
(2 )  D is s o lv e d  s o l i d s ;
(3)  Temperature;
(4 )  A c i d i t y / a l k a l i n i t y ;
(5) N u t r i e n t s .
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b. B i o l o g i c a l  in d i c a t o r s  in c lu d in g  but not l im i t e d  to :
(1 )  C oliform ;
(2) Macro and micro organisms;
(3 )  A lgae .
c .  D e s c r ip t io n :  By a d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n ,  
in c lu d in g  an e v a lu a t io n  o f  the e f f e c t s  o f  a p lan on th e  a q u a t ic  
community a s  a w hole .
C o n v e r se ly ,  ad verse  e f f e c t s  w i l l  be r e f l e c t e d  as  d ep artu res  from th e  
e s t a b l i s h e d  w ater  q u a l i t y  s ta n d a r d s ,  in c lu d in g  r e la t e d  damages, as a r e s u l t  
o f  a p la n .
2. Air q u a l i t y . A ir  p o l l u t i o n  i s  p r im a r i ly  a r e g io n a l  problem stemming 
p r i n c i p a l l y  from urban c e n t e r s  co n ta in in g  c o n c e n t r a t io n s  o f  p e o p le ,  in d u s t r y ,  and 
t r a n s p o r t a t io n .  In a d d i t io n  to  i t s  d iv e r s e  s o c i a l  im p a c ts ,  a i r  p o l l u t i o n  c a u se s  
d i r e c t  in ju r y  to  n a tu r a l  en v ironm ents ,  in c lu d in g  ground c o v e r ,  t r e e s ,  and w i l d l i f e .  
In i t s  p u re ly  p h y s i c a l  d im e n s io n s ,  a i r  p o l lu t io n  i s  accommodated w i t h in  th e  
environm ental o b j e c t i v e .
B e n e f i c i a l  e f f e c t s  to  th e  environm ental o b j e c t i v e  from a i r  q u a l i t y  
c o n t r o l  may be d e f in e d  in  r e l a t i o n  to  r e g io n a l  a i r  q u a l i t y  s tan d ard s  e s t a b l i s h e d  
under th e  Clean A ir  Act o f  1970.
C o n s is te n t  w ith  a i r  q u a l i t y  standards e s t a b l i s h e d  f o r  th e  a f f e c t e d  
p la n n in g  a r e a ,  a i r  q u a l i t y  c o n t r o l  b e n e f i c i a l  e f f e c t s  a r e  i d e n t i f i e d ,  measured,  
and d e s c r ib e d  by;
a . The amount and use o f  open space  between so u r c e s  o f  a i r  
p o l l u t i o n  and c o n c e n tr a t io n s  o f  peop le  to  a s s i s t  i n  th e  p r o c e s s  
o f  a tm osp h eric  d i s p e r s io n  and d i l u t i o n .
b. R ed u ction s  in  th e  use  o f  f o s s i l  f u e l s .
c .  R ed u ction s  in  damages to :
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( 1 )  W i ld l i f e :
(a)  S p e c ie s ;
( b )  Number  o r  d e n s i t y ;
( c )  D i s t r ib u t io n ;
(d) A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n  and 
e v a lu a t io n  o f  e f f e c t s  a s  a p p r o p r ia te .
(2 )  Ground cover;
(a) S p e c ie s ;
(b) Acreage and d e n s i t y ;
( c )  D i s t r i b u t i o n ;
(d) A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n  and 
e v a lu a t io n  o f  e f f e c t s  a s  a p p r o p r ia te .
(3 )  F o r e s t s :
(a)  S p e c ie s  o r  ty p e s ;
(b) Acreage;
(c)  Growth r a t e s ;
(d) D i s t r i b u t i o n ;
(e )  A d e s c r i p t i v e - q u a l i t a t i v e  i n t e r p r e t a t i o n  and e v a lu a t io n  
o f  e f f e c t s  a s  a p p r o p r ia te .
d. Enhancement o f  p o s s i b l i t i e s  fo r  v i s u a l  enjoyment and a e s t h e t i c  
appeal o f  natural s e t t i n g s  and s c e n i c  la n d sc a p e s .
C on verse ly ,  a d v e r se  e f f e c t s  w i l l  be r e f l e c t e d  as  d ep a r tu res  from e s t a b l i s h e d  
a i r  q u a l i ty  s ta n d a r d s ,  in c lu d in g  r e la t e d  damages, as a r e s u l t  o f  a p la n .
3. Land q u a l i t y . Where e r o s io n  i s  p r e v a le n t  or sp r e a d in g — l a r g e l y  
because  o f  inadequate  land use p lan n in g  and management— i t ,  among o th e r  t h i n g s ,  
s e r i o u s l y  d e t r a c t s  from th e  g e n e r a l  u s e ,  a p p r e c i a t i o n ,  and enjoyment of  
t e r r e s t r i a l  and a q u a t ic  en v ironm ents .
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As encompassed in  th e  env ironm ental q u a l i t y  o b j e c t i v e  s o i l  i s  
valued  a s  a b a s ic  n a t io n a l  re so u rce  ra th e r  than fo r  i t s  more t r a d i t i o n a l  
r o le  a s  a primary p ro d u ct io n  f a c t o r  c o n t r ib u t in g  to  i n c r e a s e s  in  n a t io n a l  
o u t p u t .
B e n e f i c i a l  e r o s io n  c o n t r o l  e f f e c t s  improving the  v i s u a l  a t t r a c t i v e n e s s  
o f  th e  n a tu r a l  landscape  in c lu d e :
a .  R eductions  in  sedim ent on b eaches  and p u b lic  r e c r e a t io n  
a reas  ;
b. R ed u ction s  in  t u r b i d i t y  and sed im en t p o l l u t i o n  o f  water in  
r i v e r s ,  s tream s and la k e s ;
c .  R e s t o r a t io n  o f  c u l l  banks from s t r i p  mines and o th er  eroded  
s i t e s ;
d. Bank s t a b i l i z a t i o n  on m a in l in e  and secondary ro a d s .
C o n v erse ly ,  a d v erse  e f f e c t s  w i l l  r e f l e c t  any in c r e a s e s  in  s e d im e n ta t io n ,
bank s lo u g h in g ,  or o th e r  k in d s  o f  e r o s io n  r e s u l t i n g  from a p la n .
D. B e n e f i c i a l  e f f e c t s  r e s u l t i n g  from the  p r e s e r v a t io n  o f  freedom o f  c h o ic e  
to  fu tu r e  re so u rce  u s e r s  by a c t io n s  th a t  m in im ize  or avo id  i r r e v e r s i b l e  or 
i r r e t r i e v a b l e  e f f e c t s  o r ,  c o n v e r s e ly ,  the  a d v e r se  e f f e c t s  r e s u l t i n g  from f a i l u r e  
to  take  such a c t io n s .
While th e  p rev iou s  d i s c u s s i o n  and o u t l i n e  o f  e f f e c t s  o f  th e  v a r io u s  
components has been o r g a n iz e d  e s s e n t i a l l y  in  terms o f  programs or a c t io n s  
a f f e c t i n g  environm ental c o n d i t i o n s ,  i t  may a l s o  be u s e f u l  to  v iew  environm ental  
e f f e c t s  o f  a plan in broad c a t e g o r i e s  emphazing th e  predominant c o n s id e r a t io n s  
of ea c h ,  whether a e s t h e t i c ,  e c o l o g i c a l ,  or  c u l t u r a l .  F o llow in g  such a c l a s s i f i c a ­
t i o n ,  a e s t h e t i c  v a lu e s  in  th e  environment g e n e r a l l y  encompass l a k e s ,  e s t u a r i e s ,  
b e a c h e s ,  s h o r e s ,  open and g reen  s p a c e ,  w i ld  and s c e n ic  r i v e r s ,  w i ld e r n e s s  a r e a s ,  
and o th e r  a r e a s  o f  n a tu r a l  beauty;  e c o l o g i c a l  v a lu e s  in  th e  environment g e n e r a l ly  
embrace th e  p h y s ic a l  q u a l i t y  o f  w a te r ,  a i r ,  and land ( e r o s i o n ) ,  b i o l o g i c a l
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r e s o u r c e s ,  and i n t e r r e l a t e d  e c o l o g i c a l  system s;  and c u l t u r a l  v a lu es  in the  
environment are  g e n e r a l ly  accommodated by h i s t o r i c a l ,  a r c h e o lo g ic a l ,  and g e o lo g i ­
ca l  r e s o u r c e s .  As t h i s  system  o f  c l a s s i f i c a t i o n  i s  not mutually e x c l u s i v e ,  
however, i t  i s  p o s s i b l e  f o r  m u l t ip le  p u b l ic  v a lu e s  t o  be r e f l e c t e d  w i t h in  each  
of th e  components.
Source: Water R esources C o u n c i l .  1973. E stab lishm ent of p r in c ip le s  and
standards  f o r  p la n n in g  water and r e la t e d  land r e so u r c e s .
